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To the Reader. 


\ Lthough the following Treatiſe. being far more prolix than 


I ——_— 


becomes a Letter, and than I at firſt intended it ; I an 

> wery unwilling to encreaſe the already exceſſive bulk of the 

Book by a Preface, yet there are ſome Particulars that I think my 

ſelf oblig'd to take notice of to the Reader, as things that wil 
either concern him to know, or me to have known. 

In the firſt place then: If it be demanded why I publiſh to the 
World a Letter, which by its Style and diverſe Paſſages, appears to 
have been written as well For, as To a particular Perſon; { have 
chiefly theſe two things to anſwer : The one, That the Experiments 
therein related, having been many of them try'd in the preſence 
of Ingeniows Men ; and by that means having made ſome noiſe 
among the Virtuofi (inſdmuch that ſome of them have been ſent 
into Foreign Countries, where they have had the luck, not to be deſ- 
pis'd) 1 could not, without quite tyring more than one Amanu- 
enſis, give out half as many Copies of them as were ſo earneſtly 
deſired, that 1 could not civilly refuſe them. The other, That- 
inteligent Perſons in matters of this kind, perſwade me, that the 
publication of what I had obſerv'd touching the nature of the Air, 
would not be uſeleſs to the World; and that in an Age ſo taker - 
with Novelties as is ours, theſe new Experiments would begrate- 
full to'the Lovers of free and real Learning : So that I might at- 
once comp with my grand Deſign of promoting Experimental and 
Ofefull Ft opby, and obtain the” great ſatisfa@ion of giving. 
ſome to ingetjous Mes; the hope off which, is, Þ confeſs, a temp- 
tation that Þ cannot eafily refit, © | | 

Of my being ſomerchat prolix in many of my Experiments, 1 
have theſe Reaſons to reuder, That: ſome of them being altogether 

new, ſeent d to need) the being circumſtantratly related, to keep the - 
Reader from diſtrafting them + That: pay Cirouniſtances- Fo ; 
F 3. re- 
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To the Reader. Rt 
here and there ſet down for fear of forgetting them, when I may 
hereafter have occaſion to make uſe of them in my other Writings : 
That in divers caſes I thought it neceſſary .to deliver; things cir- 
cumſtantially, that the Perſon I addreſſed them to wright, with- 
out miſtake, and with as little trouble as is poſſible, be able to re- 
peat ſuch unuſual Experiments : and that Fl I conſented to let 

 #2y Obſervations be made publick , the moſt ordinary reaſon of my 
prolixity was, That foreſeeing that ſuch a trouble as [ met with in 
making thoſe trials carefully, and the great expence of tine that 
they neceſſarily require (not to mention the charges of making the 

Engine, and imploying a Man to manage it ) will probably keep 
moſt Men from trying again theſe Experiments : I thought [ might 

lo the generality of my Readers no unacceptable. piece of ſervice, 

by ſo punFually relating what I carefully obſeru'd, that they may 
look upon theſe Narratives as ſtanding Records in our new Pnen- 
enatichs, and need not reiterate themſelves an Experiment to 
have as diſtin an Idea of it, as may ſuffice them to ground their 

Refiexions and Speculations upon. 7. 

And becauſe ſometimes 'tis the Diſcourſe made upon the Experi- 
ment that makes it appear prolix, I have commonly left a conſpicu- 
04 interval betwixt ſuch Diſcourſes, and the Experiments where- 
a#nto they belong, or are annexed; that they who deſire only the 
Hiſtorical part of the account we give of our Engine, may reade 
the Narratives, without being put to the trouble of reading the 
Reftexions too : which I here take notice of for the ſake of thoſe - 
that are well vers d in the New Philoſophy, and in the Mathema- 
ricks; that ſuch may skip what was deſign'd but for ſuch Perſons 
as may be leſs acquainted, even than I, with matters of this na- 
ture (ſcarce ſo much. as mentioned by any Writer in our Lan- 
guage) and not for. them from whom I ſhall be much more forward 
fo learn, than to pretend to teach them. . Of my. being wont to 
ſpeak rather eonbofery. or heſitantly, than reſolvedly, concerning 
matters wherein 1 apprehend ſome difficulty, I have in another 
Treatiſe: ( which::2yay, through God's aſſiſtance, come abraad ere 
lng) given « partir, and 1 hve, \Jatheutory account 
wherefore 1 ſhall now.deftnd.my-pra@ice but by the Obſervation of | 

Þ ; 6 þ, 2 Rs _ Ariſtotle, 


To. the. Reader. 
Ariſtotle, who ſomewhere'wotes,” That to ſeem to know all things 


certainly, and to ſpeak poſttively of them,. is a trick, of bold and' 


young Fellows : whereas thoſe that are indeed intelligent and con- 
ftderate, are wont to imploy more wary and diffident expreſſions, 
or (4s he ſpeaks) negiNaow dc 70 ions 194 70 THY, b 

"T here are divers Reflexions, and other Paſſages in the following 
Epiſtle, . and even ſome Experiments (occaſtonally mention'd.) 
which may ſeem either impertinent or ſuperfluows, but are not ſo © 
Being purpoſely written, either to evince ſome truth oppos d, or 


diſprove ſome erroneom conceit maintain'd by ſame eminent New 


Philoſopher, or by ſome ather Ingenious Men, who, 1 preſumd, 


would eaſily forgive me the having on ſuch occaſions purpoſely omit- 
ted their Names; though an inquiſitive Perſon will probably diſ- 
cover divers of them, by the mention of the Opinions diſprowd 
in the Experiments [ am excnſing. | 


Ever ſence I diſcern'd the uſefulneſs of ſpeculative Geometry to - 


Natural Philoſophy, the xnhappy Diſtempers of my Eyes, have ſo 
far kept me from being much converſant in it, that [ fear I ſhall 


reed the pardon of my Mathematical Readers, for ſome Paſſages, 


which, if 1 had been deeply skilF'd in Geometry, 1 ſhould. have 


treated more accurately, 


And indeed, having, for Reaſons elſewhere deduc'd, purpoſely. 


kept my ſelf a ſtranger to moſt of the new Hypotheſes i» Philsſo-- 
phy, I am ſenſible enough that the Engine I treat of hath prevail d 


with me to write of ſome ſubje&s which are ſufficiently remote from 
thoſe I have been moſt converſant in. And having beenreduc'd to - 


write the greateſt part of the enfuing Letter at a diſtance, not only 
from my Library, but from my own Manuſcripts, I cannot but fear 
that my Diſcourſes do not only want many choice things wherewith 
the Learned Writings of others might have enriched or imbeliſhed 
them: But that partly for this reaſon, and partly for that touchd 
upon a little before, It # poſſable 1 may hue mention d ſome No-+ 
tions already publifh'd by others, without taking notice of the Au- 
thors, not out of any defizn todefraud deſerving Men, but for want 
Long =_ particulars to have been already publiſh'd by them <-. 
peciably t 
ent to hint ſuch Notions as we build upon thens. 


Experiments of. our Engine being themſelues ſufic- - 


Is 
3s? 


To the Reader, 


" The order of the Experiments every Reader may alter, as faits 
beſt with his own deſign in peruſing them + For not only all thoſe 
betwixt whom there is an Affinity in Nature (by belonging to oxe 
ſubje@ ) are not always placd one by another, but they are not ſtill 
ſet down ſo much as in thearder wherein they were made; but moſt 
commonly in that caſual one wherein my occaſions inducd me to 
diſpatch them to the Preſs. And, which is worſe, I diduſually ſend 
quite away the former Experiments, before the later were written, 
or perhaps ſo much as made : Whereby I loſt the advantage of cor- 
 refing and ſupplying the Imperfe@ions of what 1 had formerly 
written, by the light of my ſubſequent Trials and Diſcoveries. 

Beſides all this; the diſtemper in my Eyes forbidding me not only 
to write my ſelf ſo much as one Experiment, but even to reade over 
my ſelf what I diFated to others : I cannot but fear, that beſides the 
Author's miſtakes, this Edition may be blemiſh'd by many, that may 
be properly imputed to very unskilfull Writer (whom I was often- 
times by haſte, reduc d againſt my cuſtome, to imploy) and may 
have eſcaped the Diligence of that Learned Friend, that doth me 
the favour to overſee the Preſs 3 eſpecially, there being the diſtance 
of two days Journey betwixt it and me. 

I need not, perhaps, repreſent to — Reader, how much 
the ſtrange Confuſtons of this unhappy Nation, in the midſt of which 
Thave made and written theſe Experiments, are apt to diſturb that 
calmneſs of mind, andundiſtraFedneſs of Thoughts, that arewont 
to be requiſite to Happy Speculations. But I preſume, that by all 
theſe things put together, he will readily perceive, That 1 have beer: 
ſo far from following the Poet's prudent Connſel touching the flow 
Publitation of- Boaks deſggr d-to prerchaſe.credit by, | 


\ " ==» Nonumgue: prematur 1n Annum. 
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To the Reader. 


near ſo troubleſome, either to make, or to record, as T afterwards 
found them, 1 did, to engage the Printer to diſpatch, promiſe him 
to ſend him the whole Epiſtle in a very ſhort time : So that at- 
though now and then the occaſional vacations of the Preſs, by rea- 
ſon of Feſtivals, or the abſence of 'the Correitor, gave me the 
leiſure to exſpatiate upon ſome ſubjett ; yet being oftentimes call 'd 
upon to diſpatch the Papers to the Preſs, my promiſe, and many 
unexpetted Avocations, obliged me to a haſte, which, though it 
hath detrafted nothing from the Paithfulneſs of the Hiſtorical 
part of our Book, hath (T fear) been diſaduantageous enough to 
all the reſt. And I made the leſs ſcraple to let the following Pa- 
pers paſs out of my hands, with all their Imperfettions; becauſe, as 
the Pablick Affairs, and my own, were then circumſtanc'd, 1 knew 
not when, (if at all) I ſhould be again in a condition to proſecate 
Experiments of this kind ; eſpecially, fince (to omit my being © 
almoſt weary of being, as it were, conſind to one ſort of Experi- 
ments) 1 am pre-ingag'd (if it pleaſe God to vouchſafe me Life 
and Health ) to imploy my firſt leiſure in the publication of ſome 
other Phyfiological Papers, which I thought 'twould make me much 
the fitter to take in hand, if I firſt diſpatch'd all that T had at 
this time to write touching our Engine. 
I have this farther to add, by way of Excule, That as it hath been 
my deſign in publiſhing theſe Experiments to gratifie Ingenious Men; 
fo, if I have not been much flattered, I may hope that the various 
hints to be met with inthe following Letter, will (at leaſt ) ſome- 
what awaken Mens thoughts, and excite them to new Speculations 
(ſuch as perhaps even inquiſitive Men would ſcarce elſe light apon ) 
and I need not deſpair, that even the examination of ſuch new 
Suſpicions and Enquiries will hence alſo, at leaſt occaftonally, be fa- 
cilitated : I ſaid occaſionally, becauſe it being, as 'tis proverbially 
ſaid, Facile Inventis addere: 7t ſeems not irrational to expett, that 
our Engine it ſelf, and divers of our Experiments, will be much 
promoted by the induſtry of Inventive and Mathematical Wits, 
whoſe Contrivances may eaſily either corrett or ſupply, and conſe- 
quently ſurpaſs many of thoſe we have made uſe of. And, particu- 
larly, if Men by skill and patience can arrive both to evacuate ſuch 
a | Recervers 


To the Reader. 


Receivers as ours, tall there be no more Air left in them, than there 
ſeems to have remain'd in the Glaſſes made uſe of about the Mag- 
deburgick Experiment. (hereafter to be mentioned) and to keep 
out the Air for a competent while, the Uſefulneſs and Diſcoveries 
of our Engine,will not be a little advancd. And perhaps that may 

elong to it, which I remember Seneca ſpeaks of Nature: Initiatos 
(ſaith he) nos credimus, in Veſtibulo cjus hxremus : For bezng 
now in a place where we are not quite deſtitute of moderately skit- 
full Artificers, we have fince the Concluſion of the following Let- 
ter, made ſome Additions to our Engine, by whoſe help we find 
(upon ſome new trials) that we may be able, without much of new 
zrouble, to keep the ambient Air out of the exhauſted Recezver 
for a whole day ; and perhaps we ſhould be able to keep it out much 
longer, if before we hat have diſpatch d ſome urgent Affairs, and 
publfed ſome Papers for which a kind of Promiſe s thought to 
make us Debtors to the Preſs, we could be at leiſure to proſecute 
fuch Experiments, as may poſſibly afford a Supplement to the fol- 
x Treatiſe, from which I ſhall now no longer detain the 
Reader. 


1. Fay OT /: 


Friendly Reader, 


Know all Perſons that have a publick Spirit for the 

Advancement of Learning, will think much that 
this piece came not out in a Language of more gene- 
ral Uſe; than this you ſee 1t now attir'd in; eſpecially 
ſince the Excellent Noble Perſon, who is the Author, 
is known to be well able himſelf (being almoſt uni- 
verſally a Linguiſt ) to have given 1t cither the Old 
Latine, or the Newer: French Dreſs. : 

Bur if it be an Honour to a Language to be preterr'd, 
and this Honour breeds ſometimes an Emulation, as 
anciently it did between the Greeks and Romans, it can- 
not be-thought unhandſome for an Engliſh Nobleman 
to have preterr'd his own : And.it may be a ſufficient 
Reaſon tor the Gentry of Foreign Parts to learn our 
Speech, or keep Interpreters, that they are ſure to have 
for their requital, from many of our Engliſh Writers 
(as here from this Fiece) much curiouſly ingemous, 
and profitable Learning. 

Bur as to thus Particular (give me leave to uſe words 
from a Story) Since the Mountain cannot come to Ma- 
homet, Mahomet will go ro the Mountain: 1 mean 
thus; Becauſe many witty Men, Perſons of Honour 
and Eſtate eſpecially, may be ſupposd to be ablc to 
make-a better account, by angling their. Studies 
and Tune on Matter than Words, and fo are juſtl 
umpeded from learning Languages; And becauſe (as 
I may judge) the Noble Author is willing to oblige 
all Men, He hath already provided, that this =_ 

a 2 


ſball ſhortly be done into Latine, that ſo it may come 
home to divers worthy Pcrſons1n its Stream, who can- 
not travel to find it out in its firſt Origine. | 

Having therefore leave ſo to do, I cannot forbear to 
give the World the Adyertiſement of this Latine Editi- 
on, leſt ſome skilfull Artiſt ſhould take needleſs pains a- 
bout a work,which will ere long (by God's furtherance) 
be done to his Hands ; For ſuch unprofitable expences 
of Study have too frequently hapened, and too much 
to the diſadvantage of Learning, for want of a ſufh- 
cient Correſpondence and intercourſe between ſuch as 
are exerciſcd in the Mines of Wiſedom. 

This 1s all the trouble I ſhall art preſent give you : 
Nor ſhall I need mind you, if you have a true gult for 
the Book you rcade, to have an honour and thankfull 
regard to the Perſon that hath favour'd us with the 
Communication of theſe his Trials, and 1s manifeſtly 
ſo great a Patron and Friend to Experimental Learn- 
ing, and all true Wiſedom ; for ſhould you fail in this, 
you might deſeryedly be depriv*d of ſome other Ob- 
{crvations on the ſame ſubject, which the Author, I 
hear, hath made ſince the Griding of this Treatiſe. 

I defire to be excuſed that I do not make Excuſes for 
the ſlowneſs of the Publication, hoping that the long 
expectation you haye had of it, will enhance, and r:5t 
diminiſh your delight in the enjoyment of a piece like 
to be, amongſt the Students in accurate Philoſophy, 
of. fo general acceptance. Farewell. 7 
nr 7 2s © COM DN PEIUT TVTEXNL L 
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A SUMMARY of the chief Matters treated of in 
clus Epiſtolical Diſcourſe. 


He Prozxmium wherein is ſet down 

the occaſion of this diſcourſe. 1.The 
motives that induc'd the Author therec- 
unto.2.The hints he received 3.The things 
wherein this -Engine excels any that have 
yet been made uſe of. 4.T he deſcription of 
the Engine and its parts, 5 &Cc. Ine 
way of preparing and uſing it, 8 &C.The 
diviſion of the Experiments triable there- 
by into two ſorts, and the difficulty of ex- 
cluding the Air. 10, &C. 
The firſt Experiment, touching the 
manner of pumping out the Air, and by 
what degrees the Receiver is emptied, 
11, &Cc. A digreſſion touching the Spring 
or Elaſt ical power of the Air, with an at- 
tempt for a Mechanical Explication 
thereof, neceſſary to be premis'd for the 
explanation of the Phznomena, exhibi- 
ted in this and the ſubſequent Experi- 
ments. 12, CC. 
The ſecond Experiment, touching the 
preſſure of the Air againſt the ſides of the 
Bodies it invirons, 20, &C. with a digreſ- 
ſive Explication of the preſſure of the Air 
ancluded within an ambient Body. 21&C. 
The third Experiment, touching the 
force requiſite to draw down the Sucker, 
23 &c. The Opinion of an eminent Mo- 
dern Naturaliſt examin'd. 24 &C. 
The fourth Experiment; touching the 
ſwelling of a Bladder ,, with the degrees 
by which it increaſeth, 25 &c. Another 
Opinion of a Learned Author examin'd, 


26 &c. 


= The fifth, Experiment, touching the 
breaking of a Bladder in the Receiver. 
Hd of another by heat. 27.28. 


The ſixth Experiment, of divers ways 
by which the elaſtical expanſion of the Air 
was meaſur'd. 29, &C. 

The ſeventh Experiment , touching 
mhat Figure doth beſt reſiſt the preſſure of 
the Atr. 33 

The eighth Experiment, tending to a 
farther Demonſtration of the former, 
from the breakzng of a claſs Helmet in- 
ward. 34. 

The ninth Experiment contains a far- 
ther confirmagion from the breaking of a 
Glaſs outward,35 &c. with an Experi- 
ment to prove,that theſe Phznomena pro- 
ceed not from an invincible Fuga vaculi, 
37. A deſcription of other ſmall Recei- 
vers, and their conveniencies,, $3 &C. 
A Receipt for the making of a Compoſiti- 
on to cement crack?d Glaſſes. 39 

The tenth Experiment, touching the 
flaming of Candles incloſed in the Recei- 
ver. 39 QC. 

The eleventh Experiment, touching 
the burning of Coals : and the laſting of 
the excandeſcence of an included piece of 


Tron. 42 
The twelfth Experiment, concerning 
the burning of Match. 44 


The thirteenth Experiment, concern-- 
ing the farther proſecution of the prece- ' 
aingtending toprove the extinfion of the 
Fire in the former Experiments, not to 
have —_— from the preſſure of the 
Fire by the Fumes, Some remarkable Cir- 
cumſtances of it. The Experiment of 
Match try d ina ſmall Keceivey. 45 &C, 

The fourteenth Experiment, touching 
the ſtriking Fire,and klindling of Powder 

A 3 with 
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with the Lock of a Piſtol m the evacua- 

ted Receiver. 47 QC. 
The fifteenth Experiment, touching 

the unſucceſsfulneſs of kindling included. 


Bodies with a Burning-c(laſs, and the | 


Author's intention to proſecute it farther. 
| 49 


The ſixteenth Experiment,concerning 
the operation of the Loadſtone. 52 

The ſeventeenth Experiment,tcuching 
the gradual deſcent of the Quickſilver 
in the Torricellian Experiment, 51 GC. 
Some obſervable Circumſtances Concern- 


ing it,54 &c.The ſame Experiment try d 
in one of the ſmall Receivers, 55. How 

rhis Experiment may be made uſe of to | 
know the ſtrength of the preſſure of the Atr 
for every degree of Rarefattion, 56 GC. 
The trial .of the ſame Experiment mn a 
Tube not two foot long, 57. The raiſing of 
the Mercurial Cylinder, by the forcing 
.of more Air into the Receiver, IÞ. Some 
Allegation for and againſt a Vacuum 
conſidered, 59 &c. Some Advertiſements 
concerning the inconventencies that may 


ariſe from the diverſity of meaſures made 


uſe of for the defining the altitude of 
the Mercurial Cylinder ;, and from the 
neglett of little parcels of Air apt to re- 
main between the Mercury and the con- 
Cave ſurface of the Tube, 60 &c. Some 
Expedients for the more exatt filling the 
Tube, 61. The height the Author once 


fonnd of the Mercurial Cylinder, accord- 
3ng to Engliſh meaſure. 63 
The eighteenth Experiment, contain- 


ing anew Obſervation touching the vari- 
ation of the height of the Mercurial Cy- 
linder in the ſame Tube, with an offer 
at the Reaſon thereof. - 63 QC. 

The nineteenth Experiment, touching 
the ſubſiding of a Cylinder of Water, 69. 


The ſame try*d in a ſmall Receiver, 70 
The twentieth Experiment, touching 
the Elater of Water, with a digreſſive 
Experiment to the ſame purpoſe. 71 &C, 
The 21 Experiment, being a proſecu- 
tion of the former Enquiry, by experi- 
menting the Generation of Bubbles under 
Water, a recital of ſome notable Circum- 
ſtances, with ſome obſervable Corollaries 
deduc'd therefrom, 73'&C, 
The 22 Experiment, tending to a de- 
termination of the Enquiry propos'd in 
the former Experiment, by proving the 
matter of theſe Bubbles from their per- 
manency to be Air: The Experiments 
try'd in the great and ſmall Receivers, 
evincing the ſame thing, 77 &C. An Ex- 
periment wherein there appear'd Bubbles 
in Quick-ſilver, 79. The Author*s In- 
ference, 80. A ah gt Enquiry, whe- 
ther or no Air may be generated anew; 
with ſeveral Hiſtories and Experiments, 
tending to the reſolving and clearing 
thereof, Ibid. &c. The Authors excuſe 
for ſolong a digreſſion. 90 
The 23 Experiment , containing a 
farther enquiry touching Bubbles made 
with common and aiſtill d Water. 91 
The 24 Experiment, wherern the en- 
quiry ts proſecuted with other Liquors, as 
with Sallet Oyl, Oyl of Turpentine, a S0- 
lution of Tartar, Spirit of Vinegar, Red- 
Wine, Milk, Hens Eg gs, Spirit of Orine, 
Spirit of Wine and Water,Spirit of Wine. 
94 &Cc. The wonderfull expanſion of the 
Sperit of Wine. | 9 
The 25 Experiment , touching the 
A and gravity of the Air under 
ater. ONT 7 .- 
The 26 Experiment , touching the 
Vibrations of a Pendulum. ' 102 &C. 
The 27 Experiment, touching the pro- 
| pagation 
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pagation of ſound : and the Author's in- 
rention of trying ſome other Experiments, 
for the further elucidation thereof. 103 

The 28 Experiment , touching the 
ſudden eruption of Bubbles fromthe Wa- 
zer,, when the Airs preſſure was ſpeedi- 
ly remow?d. 108 

The 29 Experiment , touching the 
cauſe of the aſcent of Fumes and Vapors, 
mherein®tts prov'd ( from the ſeveral mo- 
rions, (which the Fumes of a ſtrange 
ſmoking Liquor, of the Author®s, were 
obſerv'd to-have in the Receiver, upon the 
exſuttion of the Air) that the reaſon of 
their aſcent proceedy from the gravity of 
the ambient Air,, and not from any poſt- 
tive levity of their own. 110 QC. 

The 30 Experiment, concerning the 
nature of a fluid Body, illuſtrated by the 
example of ſmoke, which in ſeveral cir- 
cumſtances ſeems very much to reſemble 
the property of a fluid Body, 113. A con- 
jefure of the Cauſe of the Sun's undula- 
tron. I15 

The 31 Experiment, concerning the 
Phenomena of ewo flat Marbles exattly 
plair?d and wrought together and the true 
reaſon thereof. The Authors intention 
for the further proſecution thereof, and 
what hindred him; the reaſon why the 
under Marble did not fall from the upper 
(being only conjowwd with Spirit of 
Wine ) when the Receiver was evacuated. 
And a notable relation concerning the co- 
heſion of flat Bodies. 316 &C. 

The 32 Experiment, touching the 
forcible preſſure of the Air againſt the 
outward Superficies of a Valve, faſten'd 
Hpon the Stop-cock of the Receiver. 
The Diameter of it, and the weight it 
fſuſtain'd. 118 CC. 

The 33 Experiment , touching the 


great preſſure of the Air againſt the under 
Superfictes of the Sucker, 120 &C. what 
weight was requiſite to depreſs it, and 
what weight it would lift and carry up 
with it, 121 &C. What improvement and 
uſe there may be made of this Experiment, 
ib. A Diſcourſe tcuching the nature of 
Suttion, proving that S1ga vacul # not 
the adcquate cauſe thereof. 123 &C. 
The 34 Experiment, containing ſeve- 
ral attempts for the weighing of light Bo- 
ates in the exhauſted Receiver. 131 &C.. 
The 35 Experiment, touchins the 
cauſe of a Filtration,and the riſing of wa- 
ter in Siphons, 133 &c. A relation of a 
new kind of Siphon, of the Authors, up- 
on the occaſion of trying the Experiment- 
lately obſervd by ſome French-men, and 
further improv'd by himſelf; and ſome 
conjectures touching the cauſe of the exhi- 
bited Phenomena. 136 QC. 
The 36 Experiment, touching the 
weighing of a parcel of Air in the exhau-- 
ftedV of. ; and ſome other Obſervations 
for the explication thereof, 138 &C. An: 
accidental Experiment , tending to the 
further confirmation of the Author's Re- 
flexions upon the firſt Experiment ; with - 
a dizreſſrue obſervation, noting the ſub: 
tile penetrancy of ſome Spirits, to exceed 
by far that of the Air.,140 &C. and ſome 
other Experiments to ſhew the difficulty of 
the ingreſs of the Air into the pores or - 
holes of ſome Bodies into which water will 
readily inſinuate it ſelf, with a conjetture - 
at the cauſe thereof, 142. The Author 
returns to the proſecution of the inquiry / 
after the gravy of the Air : But firſt, 
(pon the occaſion of the tenacity of a thin - 
Bubble of Glaſs) ſets down his thoughts 
concerning the flrange exuperancy ef - 
ſtrength in Air, agitated by heat, _ 
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what the ſame hath unagitated : and then 
+ proceeds to the examination of the weight 
of the Air by an Folipile, and compares 
the reſult thereof, with that of Merſen- 
Dus, 143,144 &C. The Opinions and Ex- 
periments of divers Authors, and ſome of 
his own, touching the proportion of wetght 
betwixe Water and Air, are compar'd 
and examind by the Author, 145. The 
reſult thereof, ibid. . Merſennus hu Ob- 
ſervation reconciled, with that of the Au- 
thor ; and the proportion between the gra- 
| uity of Water and Air about London, 
146 &c. After the recital of the Opinit- 
ons of ſeveral Writers, touching the pro- 
portion of gravity between Water and 


Quick-filver, the Author ſets down his 
own trials, made ſeveral ways, together 
with his concluſion therefrom, . 147 &C. 
The uſe he makes of this inquiry for the 
A at the height of the Atmoſphere, 
148. what other Experiments are re- 
gquiſite to the determination thereof. 14.) 

The 37 Experiment, touching the 
ſtrange and odd Phznomenon, of the 
ſudden flaſhes of light in the cavityof the 
Receiver ; the ſeveral circumſtances and 
difficulties of is, with ſome attempts to- 
wards the rendring a reaſon thereof, 1573 
&c. The difficulty of ſo doing farther 
ſhown from the conſideration of the vari- 
ous changes of Air which do not imme- 
diately fall under our ſenſes : This laſt 
propoſition prov'd by ſeveral Obſerua- 


es 


Hons, 156, 157 


The 38 Experiment, touching the 
freezing of Water. A problem (concern- 
ing the preat force wherewith a freezin 
Liquor extends it ſelf) propoſed upon the 
conſideration of divers admirable effefts 
wrought thereby. 162 

The 39 Experiment, containing ar 
inquiſition after the temperature of the 
ſubſance that remained in the cavity of 
the Receiver, after the Air was well ex- 
hauſted. The relation of a Phznome- 
non, ſeeming to proceed fromthe ſwelling 
of the Glaſs : with an advertiſement con- 
cerning the pliableneſs of. Glaſs in ſmall 
PLeces. ® 164 

The 40 Experiment , touching the 
difficulty that occurred in making trial 
whether rarefied Air were able to ſuſtain 
flying Inſefts. 166 

The41Experiment, exhibiting ſeve- 
ral trials touching the reſpiration of di- 
vers ſorts of Animals included in the Re- 
ceiver, 167 &Cc. with a digreſſion con- 
taining ſome doubts touching Reſpiration, 
wherein are delivered ſeveral Experi- 
ments relating therennto. 171 

The 42 Experiment, touching the 
differing operation of corroſive Liquors 
in the emptied Receiver and in the open 
a”. 196 

The 43 Experiment, touching the 
ſpontaneous Ebullition of warm Liquors 
in the exhauſted Receiver, 198 

The Concluſion. 201 


TO 


C1) 
TO THE 


LORD of DUNGARV AN, 
My Honored and Dear Nee new. 


My Dear Lord, 
R Eceiving in your laſt from Parzs, a deſire that T would 


adde ſome more Experiments to thoſe T formerly 

ſent You over: I could not be ſo much your Ser- 
vant as I am, without looking upon that Deſire as a Com- 
mand; and conſequently, without thinking my ſelf obliged 
to conſider by what ſort of Experiments it might the moſt 
acceptably be obey'd. And at the ſame time, perceiving by 
Letters from ſome other Ingenious Perſons at Paris, that ſe- 
veral of the Yirtuofi there, were very intent upon the exa- 
mination of the Intereſt of the Air, in hindring the deſcent 
of the Quick-ſilver, in the tamous Experiment touching a 
Pacuum : T thought I could not comply with your Detires 
in a more fit and ſeaſonable manner, than by proſecuting 
and endeayouring to promote that noble Experiment of Tor- 
ricellius : and by preſenting Your Lordſhip an account of 
my attempts to illuſtrate a Subje&t, about which (its being 
ſo much diſcoursd of where you are, . together with your 
inbred Curioſity, and love of Experimental Learning) made 
me ſuppoſe you ſufficiently inquiitive. 

And though I pretend not to acquaint-you, on this occaſi- 
on, withany ſtore of new Diſcoveries, yet poſſibly I thall be 
ſo happy, as to aſſiſt you to {vow ſome things which you did 
formerly but /xppeſe ; and ſhall preſent you, if not withnew 
Theories, at leaſt with new Proofs of ſuch as are not yet be- 
come unqueſtionable. And if what I ſhall deliver, hath the 
good fortune to encourageand aſlilt you to proſecute the Hints 
it will afford, I ſhall account my ſelf, in paying of a duty to 
you, to have done a piece of Service to the Commonwealth 
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of Learning, Since it may highly conduce to the advance- 
ment of that Experimental Philoſophy, the etfeCtual purſuit 
of which, requires as well a Purſe as a Brain, to endear it to 
hopeful Perſons of your Quality : who may accompliſh ma- 
ny things, which others can but wiſh, or at moſt, but deſign, 
by being able to imploy the Preſents of Fortune in the fearch 
ot the Myſteries of Nature. | 
And I am not faintly inducd to make choice of this Sub- 
ject, rather than any of the expected Chymical ones, to en- 
tertain Your Lordil.p pon, by theſe two Conſiderations: The 
one, That the Air being iv neceſſary to humane Lite, that not 
only the general:ty of Men, but moſt other Creatures that 


breathe, cannot live many minutes without it; any conſider- 


able diſcovery of its Nature, ſeems likely to prove of moment 
to Mankind. And the other is, That the ambient Air, be- 
ing that whereto both our own Bodies, and moſt of the 
others we dcal with here below, are almoſt perpetually con- 
tiguous ; not only its alterations have a notable and manifeſt 
ſhare in thofe obvious Effects, that Men have already been 
invited.to aſcribe thereunto (ſuch as are the various Diſtem- 
pers incident to humane Bodies eſpecially if crazy in the 
Spring, the Autumn, and alſo on moſt of the-great and ſudden 
changes of Weather) but likewiſe, the turther diſcovery of 
the Nature of the Air, will probably diſcover to us, that it 
concurs more or lefs to the exhibiting of many Phenomena, in 
which it hath hitherto ſcarce been ſuſpected to have any In- 
tereſt. So that a true account of any Experiment that is 
New concerning a thing, wherewith we have ſuch conſtant 
and neceſſary intercourſe, may not only prove of ſome ad- 
vantage to humane Lite, but gratifie Philoſophers, by pro- 
moting their Speculations on a Subject which hath ſo much 
opportunity to folicite their Curioi.ty. 

And T ſhould immediats;y proceed to the mention of my 
Experiments, but that I like too well that worthy ſaying of 


in Prafat. the Naturaliſt Pliny, Benignum eſt & plenum inge- 
lib, 1, | mu? 
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1 pudoris, fateri per quos profeceris, not to conform to it, 
by acquainting your Lordſhip, in the firſt place, with the 
Hint I had of the Engine I am to entertain you with. You 
may be pleasd to remember, that a while before our ſepara- 
tion in Eng/and, T told you of a Book that I had heard of, 
but not perusd,. publiſh'd by the induſtrious Jeſuit Schortus, 
wherein 'twas ſaid, He related how that ingenious Gentle- 
man, Otto Gericke, Conſul of Magdeburg, had lately prac- 
tisd in Germany a way of emptying Glaſs Veſſels, by ſuck- 
ing out the Air at the mouth of the Veſſel, plungd under 
Water: And you may alſo perhaps remember, that I ex- 
preſsd my felt much delighted with this Experiment, ſince 
thereby the great force of the external Air (either ruſhing in 
at the open'd Orifice of the empty'd Veſlel, or violently tor- 
cing up the Water into it ) was rendred more obvious and 
conſpicuous than in any Experiment that I had formerly ſeen. 
And though it may appear by ſome of thoſe Writings I ſome- 
times ſhew'd your Lordſhip, that I had been folicitous to 
try things upon the ſame ground; yet in regard this Gentle- 
man was betore-hand with me in producing ſuch conſidera- 
ble Effects, by means of the exſuction of Air, I think my 
ſelf obligd to acknowledge the aſſiſtance and encouragement, 
the Report of his Performances hath afforded me. 

But, as few inventions happen to be at firſt ſo compleat, as 
not to be either blemiſhed with ſome deficiencies needful to be - 
remedid, orotherwiſe capable of improvement : fo whea the 
Engine we have been ſpeaking of, comes tobe more attentive- 
ly conſider, there will appear two very conſiderable things to 
be deſird in it. For firſt, the Wind Pump (as ſome body not 
improperly calls it) is ſo contriv'd, that to evacuate the Veſſel, 
there is requird the continual labour of two ſtrong Men for di- 
vers hours. And next (which is an imperfection of much grea- 
ter moment) the Receiver, or Glaſs to beempty'd, conſiſting 
of one entireand uninterrupted Globe and Neck of Glaſs; the 


whole Engine 1s ſo made, that things cannot be convey dintoit, 
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whereon to try Experiments: So that there ſeems but little (if 
any thing) more to beexpetted from it, than thoſe very few 
PheEnomena that have been already obſerv'd by the Author, and 
recorded by Schottus. Wherefore toremedy theſe Inconveni- 
ences, T put both Mr. G.and R. Zook (who hath alſo the Ho- 
nour to be known to your Lordſhip, and was with me when I 
had theſe things under conſideration) to contrive ſome Air 
Pump, that might not, like the other, need to be kept under 
Water (which on divers occafions is convenient) and might 
be more eaſily manag'd: And after an unſucceſsful tryal or 
two of ways proposd by others, the laſt nam'd Perſon fitted 
me with a Pump, anon to be deſcrib'd. And thus the firſt 
ImperfeCtion of the German Engine, was in good meaſure, 
though not perfe&tly remedy'd: And to ſupply the ſecond de- 
fect, it was conſidered that it would not perhaps prove im- 
poſſible to leave in the Glaſs to beempty'd, a hole large enough 
to put in a Man's Arm cloath'd; and conſequently other Bo- 
dies, not bigger than it, or longer than the inſide of the 
Veſſel. And this Deſign ſeem'd the more hopeful, becauſe I 
remembred, that having ſeveral years before otten made the 
Experiment De Yacuo with my own hands; I had, toexamine 
ſome Conjettures that occurr'd tomeabout it, cauſed Glaſſes 
to be made with a hole at that end, which uſes to be ſeald 
up, and had nevertheleſs been able, as occaſion requird, to 
make uſe of ſuch Tubes, as if no ſuch holes. had been left in 
them, by deviſing ſtopples for them, made of the common 
Plaiſter call'd Dzachy/on : which I rightly enough gueſs, 
would, by reaſon of the exquiſite commixtion of its ſmall 
parts, and cloſeneſs of it's texture, deny all acceſs to the exter- 
nal Air. Wherefore, ſuppoſing that by the help of ſuch Plaj- 
ſters carefufy laid upon the commiſſures of the ſtopple and 
hole to be made in the Receiver, the external Air might be hin- 
dred from inſinuating it ſelf between them, into the Veſlel, we 
causd ſeveral ſuch Glaſſes, as you will find deſcribd a little 
lower, to be blown at the Glaſs-houſe ; and though we could 
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not get the Work-men to blow any of them {o large, or of fo 
convenient a ſhapeas we would fain have had ; yet tinding one 
to be tolerably fit, and leſs unfit than any of the reſt, we were 
content to make uſe of itin that Engine: Of which, I ſuppoſe, 
youby this time expect the Deſcription, in order to the recital 
of the Phenomena exhibited by it. 

To give your Lordſhip then, in the firſt place, ſome account 
of the Engine it ſelt: It conſiſts of two principal parts; a glaſs 
Veſſel, and a Pump to draw the Air out of it. | 

The former of theſe (which we, with the Glaſs-men, ſhall 
often call a Receiver, for itsaffinity to the large Veſſels of that 
name, uſed by Chymilts) conſiſts of a Glaſs with a wide hole 
at the top, of a cover to that hole, and of a Stop-cock faſtned 
to the end of the Neck, at the bottom. 

The ſhape of the Glaſs, you will find expreſs in the firſt 
Figure of the annexed Scheme. And for the ſize of it, it con- 
raind about 30 Wine Quarts, each of them containing near two 
Pound (of 16 Ounces to the Pound) of Water: We ſhould 
have been better pleasd with a more capacious Veſſel, but the 
Glaſs-men profeſſed themſelves unable to blow a larger, of ſuch 
a thickneſs and ſhape as was requiſite to our purpoſe. 

At the very top of the Veſſel, (A) you may obſervea round 
hole, whoſe Diametre (B C) is of about four Inches; and 
whereof, the Orifice is incircled witha lip of Glaſs, almoſt an 
Inch high: For the making of which lip, it was requiſite (to 
mention that upon the by, in caſe your Lordſhip ſhould have 
ſuchanother Engine made tor you) to have a hollow and taper- 
ing Pipe of Glaſs drawn out, whereof the Orifice above men- 
tioned was the Baſis, and then to have the Cone cut off with 
an hotIron, within about an Inch of the Points (B C.) 

The uſe of the lip, is to ſuſtain the cover delineated in the 
ſecond Figure; where (D E) points out a braſs Ring, ſo caſt, 
as that it doth cover the lip (BC) of- the firſt Figure, and 13 ce- 
mented on, upon it, with a ſtrong and cloſe Cement. TÞthe 
inward tapering Orifice of this Ring (which is about three 
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* Inches over) are exquiſitely ground the ſides of the Braſs ſtop- 
ple (FG;) fo that the concave ſuperficies of the one, and the 
convex of the other, may touch one another in ſo many pla- 
ces, as may leaveas little acceſs, as poſſible, to the external Air: 
And in the midſt of this cover is left a hole (H I) of about 
half an Inch over, invironed alſo with a Ring or Socket of the 
ſame Metal, and fitted likewiſe with a Braſs ſtopple (K ) made 
intheform of the Key of a Stop-cock, and exattly ground into 
the hole (H I) it is to fill; ſoas that, though it be turn'd round in 
thecavity it poſſeſſes, it willnot let intheair,and yet may be put 
in or taken out at pleaſure, for uſes to be hereafter mentioned. 
In order to ſome of which, it is perforated witha little hole, (8) - 
traverſing the whole thickneſs of it at the lower end; through 
which, anda little Braſs Ring (L) faſtned to one ſide (no matter 
which) of the bottomof the ſtopple (F G) a ſtring (8,9, 10.) 
might paſs, to be imploy'd to move ſome things inthe capacity 
of the empty'd Veſſel, without any where unſtopping it. 

The laſt thing belonging to our Receiver, is the Stop-cock, 
deſigned in the firſt Figure by (N,) for the better faſtening of 
which to the neck, andexacter excluſion of the Air, there was 
ſoderdon to the ſhank of the Cock (X) a Plate of Tin, (M T 
UW) long enough to cover the neck of the Receiver. But be- 
cauſe the cementing of this was a matter of ſome difficulty, it 
will not be amiſs to mention here the manner of it; which was, 
That the cavity of the Tin Plate was filld with a melted Ce- 
ment, made of Pitch, Roſin, and Wood-aſhes, well incorpora- 
ted; and to hinder this liquid Mixture from getting into the O- 
rifice(Z)of the ſhank (X,)that hole was ſtopd with a Cock, to 
which was faſtned a ſtring, whereby it might be pull'd out at 
the upper Orifice of the Receiver; and then, the Glaſs neck of 
the Receiver being well warm'd, was thruſt into this Cement, 
and over the ſhank, whereby it was effeCted, that all the ſpace 
betwixt the Tin Plateand the Receiver, and betwixt the inter- 
nal ſuperficies of the Receiver, and the ſhank of the Cock, was 
filld with the Cement ; and ſo we haye diſpatch'd the firſt 
upper part of the Engine. The 
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Theundermoſt remaining part conſiſts of a Frame, and of a 
ſucking Pump, or as we formerly calld it, an Air Pump, ſup- 
ported by it: The Frame is of Wood, ſmall, but very itrong, 
conſiſting of three legs, (1 11) fo placd, thatone {ide of it 
may ſtand perpendicular, that the free motion of the hand may 
notbe hindered. In the mid{t of which frame, 1s tranſverſly 
naii'd a board, (22 2) which may not improperly be calld a 
Migriff, upon which reſts, and to whichis ſtrongly taſtned, the 
main part ol the Pump it ſelf, which is the only thing remain- 
ing to be deſcrived. 

The Pump con'iſts of four parts, a hollow Cylinder, a Suc- 
ker, 2 handleto move that Sucker, and a Valve. 

The Cylinder was (by a pattern) caſt of Braſs; itis in length 
about 14 [nches, thick enough to be very ſtrong, notwithſtand- 
ing the Cylindrical cavity lett within it; this cavity is about 
three Inches Diametre, and makes as exact a Cylinder as the 
Artificer was able to bore. This hollow Cylinder is fitted with 
a Sucker, (4455) conſiſting of two parts; the one (44) ſome- 
what leſs in Diametre than the Cavity of the Cylinder ; upon ' 
which isnail'd a good thick piece of tann'd Shoe-leather, which 
will go fo cloſe to the Cylinder, that it will need tobe very 
forcibly knock'd and ram'd, in, if at any time it be taken out; 
which is therefore done, that it may the more exactly hinder the 
Air from inſinuating it ſelf betwixt it and the ſides of the Cy- 
linder whereon it is to move. 

To the mid of this former part of the Sucker isſtrongly fa- 
ſtned the other ; namely, a thick and narroav plateot Iron (55) 
ſomewhat longer than the Cylinder, one of whoſe edges-is 
ſmooth, but at the other edge it 1s indented (as I may ſo ipeak) 
witha row of Teeth, delineated in the Scheme, into whoſe in- 
rervals are tobe fitted, the Teeth of a ſmall Iron Nut, (4 8) (as 
Tradeſmen call it) whica 1s taſtned by two ftaples (22) tothe 
underſide of the formerly mention'd tranfverſe board (222) 
on which the Cylinder reſts, and is turn'd to and fro by the 
third pieceof this Pump, namely, the handle or Manebrium, 
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(7) of which the Figure gives a ſufficient deſcription. 
The fourthand laſt part of this Cylinder, is the Valve, (R) 
conſiſting of a hole bored throughat the top of the Cylinder, a 
little tapering towards the cavity; into which hole is ground a 
tapering Peg of Braſs, to be thruſt in, and taken out at pleaſure. 

The Engine being thus deſcrib'd, it will be requiſite to add, 
that ſomething is wont to bedone before it be ſet on work, for 
the more eaſie moving of the Sucker, and for the better excluſi- 
on of the outward Air: which, when the Veſſel begins to be 
exhauſted, is much more difficult tobe kept out,than one would 
eaſily imagine. | 

There muſt then be firſt pour'd in at the top of the Receiver, 
a little fallad Oyl, partly to fill upany ſmall intervals that may 
happen to be betwixt the contiguous ſurfaces of the internal 
parts of the Stop-cock: And partly, that it may be the more ea- 
ſie to turn the Key (S) backwards and forwards. Pretty ſtore 
of Oyl muſt alſo be pour'd into the Cylinder, both that the 
Sucker may ſlip up and downin it themore ſmoothly and free- 
 Iy, and that the Air might be thebetter hindred from getting in 
between them : And for the like reaſons, a little Oyl is to be 
uſed alſo about the Valve. Upon which occaſion, it would not 
be omitted (for it is ſtrange) that oftentimes, when neither the 
pouring in of Water, nor even of Oyl it alone, prov'd capable 
to make the Sucker move eaſily enough in the Cylinder ; a 
mixture of both thoſe Liquors would readily (ſometimes even 
to admiration ) perform the deſired effect. And laſtly, the 
Braſs cover of the Receiver, being put into the Braſs ring for- 
merly deſcribd, that no Air may get between them, it will be 
very requiſite to plaiſter over very carefully the upper edges of 
both, with the Plaiſter formerly mentioned, or ſome other as 
cloſe, which is to be ſpread upon the edges with an hot Tron ; 
that, being melted, it may run into and fill up all the cranies, 
or other little cavities, at which the Air might otherwiſe get 
entrance. 


All things being thus fitted, and the lower ſhank (O) of the 
Stop- 


Stop-cock being put into the upper Orifice of 'the Cylinder 
(and) into which it was exactly ground; the Experimenter is 
firſt, by turning the handle, to torce the Sucker to the topof the 
Cylinder, that there may beno Air leit in the upper part of it : 
Then ſhutting the Valve with the Plug, and turning the'other 
way, he is to draw down the Sucker to the bottom of the Cy- 
linder ; by which motion of the Sucker, the Air that was for- 
merly in the Cylinder being thruſt out, and none being per- 
mitted to ſucceed in its room, 'tis maniteſt that the cavity of 
the Cylinder' muſt be empty in reference to the Air. So that 
it thereupon the Key of the Stop-cock te fo turn'd, as that 
through the perforation of it, a free paſſage be opened betwixt 
the Cylinder and the Receiver, part of the Air formerly con- 
tain'd in the Receiver, will nimbly deſcend into the Cylinder. 
And this Air being, by the turning back of the Key, hinder'd 
from the returning into the Receiver, may, by the opening of 
the Valve, and forcing up of the Sucker tothe top of the Cy- 
linder again, be driven out into the open Air. And thus by 
the repetition of the motion of the Sucker upward and down- 
ward, and by opportunely turning the Key, and ſtopping the 
Valve, as occaſion requires, moreor leſs Air may be ſuck'd out 
of the Receiver, according to the exigency of the Experiment, 
and the intention of him that makes it. 
. .YourLordſhip will, perhaps, think that T have been unne- 
ceſfarily prolix in this firſt part of my Diſcourſe: But if you 
had ſeen how many unexpected difficulties we found to kee 
out the external Air, even for a little while, when ſome _- 
- derablepartof the internal had been ſuck'd out ; You would 
peradventure allow, that I might have ſet down more circum- 
ſtancesthanl have, without ſetting down any, whoſe know- 
ledge, he that ſhalltry the Experiment, may not have need of. 
Whichis ſotrue, that, before we proceed any further, I cannot 
think it unſeafonable toadvertiſe Your Lordſhip, that there are 
two chief forts of Experiments, which wedeſignd in our En- 
gineto maketryalof : The one, ſuch as may be quickly dif. 
C patch, 
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telid, and thereforemay betry'd 4n our Engine, though: it 
Pk 2 little, becauſe the Air may be faſter drawn _ im- 
bly plying the Pump, thanit can get inat undiſcern'd leaks; I 
ſay at undiſcern'd, leaks, becauſe ſuch as are big enough to be 
diſcoverd, can ſcarce be uneaſie to be ſtopt. The other ſort 
of Experiments conſiſt of thoſe that require, not only that the 
internal Airbe drawnout of the Receiver, but that it be like- 
wiſe fora long time kept out of it. Suchare the preſervation of 
Animal andother Bodies therein, thegermination and growth 
of Vegetables, and other trials of ſeveral ſorts, which it is ap- 
parent cannot be well made, unleſs the external Air can, fora 
competent while, be excluded : Since, even at a very ſmall 
leak, there may enough get in, to make the Yacuum ſoon loſe 
that name; by whichT heredeclare once tor all, that I under- 
ſtandnot a ſpace wherein there is no Body at all, but ſuch as is 
'cither altogether, or almoſt totally devoid of Air, 

Now thisdiſtin&ionof Experiments I thought fit to premiſe 
to the enſuing Narratives, becauſe, upon trial, we found it ſo 
exceeding (and ſcarce imaginably) difficult a matter, to keep 
out the Air from getting at all in at any imperceptible hole or 
flaw whatſoever, (ina Veſſel immediately ſurrounded with the 
compreſſed Atmoſphere,) that in ſpight of all onr care anddili- 
gence, we never were able totally to exhauſt the Receiver, or 
keepit when it wasalmoſt empty, any conſiderable tune, from 
leaking more or leſs: although (as we have lately intimated ) 
by unwearied quickneſs in plying the Pump, the internal Air 
can be much faſter drawn out than the external can get in, 
till the Receiver come to be almoſt quite empty. And that's 
enough to enable Men to diſcover hitherto unobſerved Phw- 
zomena of Nature. 

The Experiments therefore of the firſt ſort, will, I fear, 
 provethe only ones wherewithmy Avocations will allow me 

to entertain Your Lord{hip in this Letter. For till your. fur- 
ther Commands ſhall engage me to undertake, by God's per- 
miſſion, ſuch an Employment, and more leaſureſhalt better far 

- me 
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me for it; I know not whether I ſhall be in a condition to try 
what may bedone, to enable me to give you ſome account of 


the-other ſort of Experiments alſo. 
—Y ___ EXPERIMENT I. 


O proceed now tothe Phe@nomena, exhibited to us by the 
| Engine above deſcribed; I hold it not unfit tobegin with 
what doth conſtantly and regularly offer it felf to our obſerva= 
tion, asdepending uponthe Fabrick of the Engine it ſelf, and 
not upon the nature of this or that particular Experiment which 
tis employed to try. 
; Firſt, then, upon the drawing down of the Sucker (the 
Valvebeing ſhut) the Cylindrical ſpace, deſerted by the Sucker, 
is left devoid of Air; and therefore, upon the turning of the 
Key, the Air containedin theReceiver ruſheth into the emptied 
Cylinder, till the Air in both thoſe Veſſels be brought to about 
anequal meaſure of dilatation. And therefore, upon ſhutting 
the Receiver by re-turning the Key, if you open the Valve, and 
force'up the Sucker again, you will find, that after this firſt 
exfuQtion you will drive out almoſt a whole Cylinder full of 
Air : But at the following exſuC&tions, you will draw leſs and 
leſs of 'Air out of the Receiver into the Cylinder, becauſe 
therewill ſtill remainleſs and leſs Air inthe Receiver it ſelf; and 
conſequently, the Particles of the remaining Air, having more 
room to extend themſelves in, will leſs prels out one another. 
This you will eaſily perceive, by finding, that youſt:!l force 
leſsandleſs Air out of the Cylinder ;- fothat when the Recei- 
ver is almoſt exhauſted, you-may force up the Sucker almoſt 
to the topof' the Cylinder, before you willneed to unſtop the 
Valvetolet outany Air: And if at ſuch time, the Valve being 
ſhut, you {et go the handle of the Pump, you will find the 
Sqcker forcibly carried up to the topof the Cylinder, by the 
rufion of the external Air ; which; being much leſs rarifi- 
ied than that within the Cylinder; -mwft have a more forcible 
Preſlure upon the Sucker, than the internal is able to reſift , 
| CG 2 An 
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And by this means'you may know how far you have:emptied 
-the Receiver. Andto this wemay add, on this occaſion, that 
conſtantly upon the turning of the Key to let out the Air. from 
the Receiver, into-the empried Cylinder, there is immediate- 
ly produced a conſiderably brisk noiſe, efpecially whilſt there 
is any plenty of Air in the Receiver. | , ; 

For the more eaſie underſtanding of the Experiments triable 
by our Engine; T thought it'not ſuperfluons, : nor unſeaſonable 
in the recital of this firſt of them; to inſinaate that notionby 
which it ſeems likely that moſt, if not all of them, will prove 
explicable. Your Lordſhip will eaſily ſuppoſe, that the No- 
tion I ſpeak of is, Thatthere is-a Spring, or Elaſtical power in 
the Air we liven. By which eax772 or ſpring of the Air, that 
which T mean is this-! That our Air either. conſiſts of, or! at 
leaſt abounds with, parts of ſucha nature; that in caſe they be 
bent or compreſsdby the weight of the incumbent part of the 
Atmoſphere, 'or by any'other Body, they: do endeavour, as 
much as inthem lieth, to free themſelves from that preſſure, by 
bearingagainſt the contiguous Botlies that keepthembent;and, 
as ſoonas thoſe Bodiesare remov'd or reduced togivethem'way, 
by preſently unbending and ſtretching out themſelves, ather 
quite, or ſo tar forth as — Bodies that refiſt them 
will permit, and thereby-expanding the wholeipartel.of Air, 
theſe elaſtical Bodies'compole: th? bets pint enhats 

This Notion may perhapsbe ſomewhat further explain, by 
conceiving the Air near the Earth to beſuch a heap of little Bo- 
dies, lying one upon another, as may:be reſembled tg a;Hleece 
of Wooll. For this {ts omit 'other likenefles betwixt them) 
conſiſts of many ſlender and flexible Hairs; eachof: which,may 
indeed, like a little Spring, beeaſilybent or rouled up; but will 
alſo, like a Spring, be ſtill endeavouring to ſtreteh it ſe}t-out 
agaip. - For though/botlr theſe Hairs, and the Aereal-Corpu- 
ſcles to which we likenithein, do-cafily yield:to external preſ- 
ſures; yet each'of them {by:virtue of ts ſtrucure)is andowd 
witha Power or Principle of ſelt-Dilatation ; by: virtue:where- - 
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of, though the hairsmay by a Man's hand be-bent anderouded 
cloſer together, and into a narrower 'roomthan ſuits beſt with 
the natureof the Body, yet, whilſt the. compreſſjon-laſts,there 
is 1n the fleece they, compole an endeavour outwards, where, - 
by it continually. thruſts agaiaſt. the hand that oppoſes its Ex; 
panſion.And upon the removal of the external pretſure, by ©- 
pening the hand more or leſs, the compreſſed Wool doth, as it 
were, ſpontaneouſly expand or diſplay it ſelf towards therecg- 
very of its former more looſe and tree condition, -tijl the Fleece 
hath either regain'd its farmer Dimentfions, or at leaft, ap- 
proach'd them asnear as the compreſſing hand (perchance nor 
quite open'd) will permit. This Power of ſelt-Dilatation,. 15 
ſomewhat more conſpicuous in a dry Spunge compreſsd, than 
in a fleece of Wool. But yet we rather choſe to.employ; the lat- 
ter, on this occaſion, becauſe it is not like a Spunge, an intire 
Body, but a number of ſlender and flexible Bodies, looſely 
complicated, as the Air it ſelf ſeems to be. = 

There is yet another way to explicate the Spring of 'the Air, 
namely, by ſuppoſing with that moſt ingenious Gentleman, 
Monſieur Des Cartes, That-the Air isnothing but a Congeries 
or heap of ſmall and (for the moft part) of flexible Particles; of 
ſeveral ſizes, andof all kind of Figures whichareraisd by heat 
{eſpecially that of the Sun) into. that fluid and ſubtle Ethereal 
Body. that ſurrounds the Earth; and by the rettleis.agitation of 
that Celeſtialmatter wherein thoſe particles ſwim,are ſo whirld 
round, :that each Corpuſcle-endeavours to beat off all others 
trom coming within the little Sphere requiſite to its motion a- 
bout its own Centre; and (in caſe any, by- intruding into that 
Sphere, ſhall oppoſeits freeRotation)-toexpelordriveitaway:: 
So thataccording to this doCtxrine,it imports very little, whether 
the particlesof the Air havethe ſtructure requiſite to Springs,or 
be of any other form (how irregular.ſoever) ſince their Elaſtical 
Power. is. not, made to depend upon their ſhape or ſtructure,but 
pon FR: YEMFALASuratIOn, And (asit were) brandiſhing mo- 
tion; which they. receive from the fluid Ezher that ſwiitly flows 
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between them, and whirling abont eachof them (independent: 
ly from the reſt) not only keeps thoſe ſlender Atreal Bodies 
Epcrantd and ſtretchtout (at leaſt, as far as the Neighbouring 
ones will permit) which otherwiſe, by reaſon of their flexible- 
nefsand weight, would flag or curl; but alſo makes them hit 
againſt, and knock away each other, and conſequently require 
more room, than that, which, if they were compreſs'd, they 
would take up. - © x MIL 

By theſe twodiflering ways,my Lord,may the Springs of the 
Air.be explicated: ' But though the former of them be thar, 
whichby reaſon of its ſeeming ſomewhat more eaſe, I ſhall for 
the moſt part make uſe of in the following Ditcourſe: yetamT 
not willing todeclare peremptorily foreither of them, againſt 
the other. And indeed, though T havein another Treatiſe en- 
deavoured'to make it probable, that the returning of Elaſtical 
Bodies (if I may fo call them) forcibly bent, to therr former po- 
ſition, may be Mechanically explicated: Yet I muſt canteſs, 
that to determine whether the motion of Reſtitution ir: Bodies, 
proceed from this, That the parts of a/Body of a peculiar Strne- 
ture are-put into motion by the bending of rhe Spring, or from 
theendeavor of ſome ſubtle ambient Body,whoſe paſſage may 
be oppos'd or obſtrutted, or elſe it's preſſure unequally reſiſted 
by reaſon of the new ſhape or magnitude, which the bend- 
ing of a Spring may give the Pores of it : To determine this, 
I fay, ſeems to me a matter of more difficulty, than at firſt 
ſight one would eaftly tmagine tt. Wherefore I ſhall decline 
medling with a Subject, which ismuch more hard to be ex- 
plicated, than neceſfary*'to'be fo, by him, whoſe buſineſs 
1t-15 not, in this Letter,'to aſſjpn-the adequate cauſe of the 
Spring of the Air, but only to'manifeſt, That the Air hath a 
Spring, and to relate ſome of its effeCts. -- 

I know not whether Tneed annexthat, thoughcither of thea- 
bove-mention'd Hypotheſes; and perhaps ſome others, may af- 
ford us an account phufible enough of the-Air's Spring 3: 'yet I 
doubr, whether any of them givesus a ſufficient accornt of irs 
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Nature. « And of thisdoubt,-I might here mention ſome Rea- 
fons, but that, peradventure, I may (God permitting) have a 
fitter occaſion to ſay ſomething of 1telſewhere. And therefore 
T ſhuold now proceed to the next Experiment, but that I think 
it requiſite, firſt, to ſuggeſt to your Lordſhip what comes into 
my thoughts,by way ot Anſwer to a plauſible Objeftion,which 
I foreſee you may make againſt ourproposd DoCtrine, touching 
the Spring of the Air. For it may bealledged, that though the 
Air were granted to conſiſt of {ſpringy Particles (if I may fo 
ſpeak) yet thereby we could only give an account of the Dila- 
tation of the Air in Wind Guns,and other pneumatical Engines 
wherein the Air hath been compreſs d, and its ſprings violently 
bent by an apparent external force; uponthe removal of which, 
"tisno wonder that the Air ſhould, by the motion of reſtitution 
expandlit ſelf tillithath recovered its more natural dimenſions : 
whereas in our above-mentioned firſt Experiment,and inalmoſt 
all others triable in our Engine,it appears not,that any compreſ- 
fion ofthe Air preceded ts ſpontaneousDulatation or Expanſion 
of it ſelf. To remove this difficulty, I muſt deſire Your Lord- 
ſhip to take notice, that of whatever nature the Air,very remote 
from the Earth, may be, and whatever the Schools may confi- 
dently teach to the contrary, yet we have divers Experiments 
to evince, that the Atmoſphere we live in, .is not (otherwiſe 
than comparatively to more ponderons Bodies) light; but 
heavy : And did not their gravity hinder them, -it appears 
not why the ſtreams of the Terraqueous Globe, of which our 
Air in great part confhſts, ſhould not riſe much higher, than 
the Refra&tions of the Sun, and other Stars give men ground 
to think, that the Atmoſphere, (even in the judgment of thoſe 
Reſcent Aſtronomers, whoſeem willing to enlarge its bounds 
as muchas they dare,) doth reach. 
| - Butleſtyouſhouldexpe&t my ſeconding this Reaſon by Ex: ' 
perience; and left you ſhould obje&t, That moſt of the Experi- 
ments that have been propos to prove the gravity of the Air, 


have been eitherbarely proposd,or perhaps not accurately _ 
| am 
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I am content, beforeT-paſs further, to mention heray That I 
found adry lambs-bladder containing nearabout two thirdsof a 
pint,and compreſsd by a packthred tied aboutit, to loſe a grain 
and theeighth part ofa grain of its former weight, by the receſs 
of the Air upon my having prickt it: And this, with a/pair of 
Scales, which, when the tull bladder and the correſpondent 
weight werein it, would maniteitly turn either way withthez 2 
partof agrain. And if it be further obje&ed, That the Air in the 
Bladder was violently compreſs d by the packthred and .theſides 
ofthe Bladder, we might probably (to wave prohxan{wers) be 
furniſt'd with a Reply, by ſetting down thediffering weight of 
our Receiver,whenemptid and whenfull of uncompreſs'd Air, 
ifwecould here procure Scales fit forſonice anExperiment;ſince 
weare informed, that in the German Experiment, commended 
at the beginning of this Letter, the ingenious Triers of it found, 
That their Glaſs Veſſel, of the capacity of 32 meaſures, was 
lighter when the Air had been drawn out of it, than before, by 
nolefs than one ounceand 73 that is, an ounce and very near a 
third: Butof the gravity of the Air, we may elſewhere have 

occaſion to make turther mention. ego, 
Taking it then for granted that the Air is not devoid of weight, 
it will not be uneaſie to conceive, That that part of the Atmo- 
ſphere wherein we live, being the lower part of it, the Corpuſ- 
clesthat compoſe it, are very much compreſsd by the weight of 
all thoſe of the hike nature that are directly over them ; that is, 
of all rhe Particles of Air, that being pild up uponthem, reach 
to the top of the Atmoſphere. And theugh the height of this 
Atmoſphere,.according to the famons. Xep/er, and ſome others; 
fcarceexceeds eight common miles;'yet-other eminent and la- 
terAſtronomers, would promote the confinesof the Atmoſphere 
foexcced {ix or ſeven times that numberof miles. And the dili- 
gent and learned Ricciolo makes it probable, that the Atmo- 
tpheremay, at leaſt in divers places, be at-leaſt fifty miles high, 
So that accordingto a moderate eſtimateof; the thickneſsof the 
Atmoſphere, we may well ſuppoſe, that a Column of Air, of 
many 
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many files inheight, leaning upon ſomeſpringy Corpuſcles of 
- Air: here below, may have: weight enough to bend their little 
ſprings,and keepthem bent: As, (foreſume our tormer compa- 
riſon,) if-xhere were fleeces of Wooll pil'd up to a mountainous 
height,upon oneanother, the -hairsthat compoſe the lowermoſt 
Locks which ſupportthe reſt, would, by the weight of all the 
Wool above them, be as well ſtrongly compreſs, as if a Man 
ſhould ſqueeze them together in-his hands, or employ any ſuch 
- other moderate force tocompreſsthem. - So that we need not 
. wonder, that upon the taking oft the incumbent Air from any 
parcel of the Atmoſphere here below, the Corpuſcles, whereof 
that undermoſt Air conſiſts, ſhould diſpiay themſelves, and 

take up more room than betore. | | 
And if it beobjeCted, That in Water, the weight of the up- 
_ . perand of thelower part is theſame : I anſwer, That, (beſides 
that it may be well doubted whether the obſervation, by rea- 
ſon of the great difficulty, hath beenexa&ly made,) there is a 
manifeſt diſparity betwixt the Airand Water: For I have not 
found, upon an Experiment purpoſely made, (and in another 
Treatiſe Recorded); that Water will ſuffer any conſiderable 
compreſſion; whereas we may obſervein Wind-Guns, (tomen- 
tion now no other Engines) that the Air will ſuffer it ſelf to 
be crouded into a comparatively very little room; in ſo much, 
that a very diligent Examiner of the Ph@nomena of Wind- 
Guns would have us believe, that uT one of them, by conden- 
fation, he reduc'dthe Airintoa ſpace at leaſt eight times nar- 
rower than it before poſſeſt. And to this, if we add a noble 
Phenomenon of the Experiment De Yacuo; theſe things put to- 
gether, may tor the preſent ſuffice tocountenanceour Dottrine. 
For that noble Experimenter,Monfieur Paſcal(the Son) had the 
commendable Curioſity to cauſe the Torrice/ian Experiment 
to be tridat the foot, about the middle, and at the topof that 
high Mountain Cin Auvergne, if T miſtake not) commonly 
call'd Le Pay de Domme; whereby it was found, That the Mer- 
cary inthe Tube fell down lower, about three inches,at thetop 
D of 
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of the Mountain than at the bottom. And a Learned Man « 
while fance inform'd me, "That a great F:rtuofe, friend'to us 
both, hath, withnot unlike ſucceſs, rried theſame Experiment 
inthe lower and upper parts of 'a Mountain in the 'Weſt of 
England. Of which, thereafon ſeems maniteſtly.enough to be 
this, That upon the tops of high Mountains, the Air which 
bears againft the reſtagnantQuick-ſilver, is leſs preſsd by the: 
leſs ponderous incumbent Air; andiconſequently.isnot able to- 
. tally to hinder the deſcent of ſo tall: and heavy 'a Cylinder of 
Quick-ſilver, 'as at. the bottom. of ' fach Mountains did but: 

maintain an ZZqui1;briumwiththe incumbent Atmoſphere. 
 Andif itbe yet further'Objetted againſt what hathbeen'pro. 
posd touching the compaQtnets- and' preffure of the inferiour 
Air; That we fmdthis very Air to'yield readily to themotion. 
of little Flies, and even to that of Fearhers, and 'fach other 
light and weak Bodies; which ſeems to-argue, that the parti- 
cies of .our Air are not ſo ':compreſsd as we have repreſented 
them, eſpecially, ſince by our. former Experiment -it appears, 
that the Airreadily dilated it felf downward, from the Recei- 
ver-into!the Pump, when 'tis:plain, that it is notthe incum- 
bent Atmoſphere, but only theſubjacent Air in the bra6 Cy- 
linder that hath beenremov'd: If this, Tfay, be objeted, we 
may reply, That, whena'man ſqueezethafleece of Wool in his 
hand, he may feel that the Wool incef{antly bears againſt his 
hand, as thatwhichhinders the hairs it confifts of, to recover 
their former and morenatural extent. So each parcel of the 
Airaboutthe Farth, doth conſtantly endeavour to thruſt away 
all thoſe contiguous Bodies, (whether. Atreal or more grofs,) 
that keep itbent, and hinder the expanſion of its parts, which 
will dilate themſelves, or fly abroad: towards that part, (whe- 
ther upwards or downwards,) where'they find their attemp- 
ted-Dilatation of themfelves fefs reſiſted by the neighbouring 
Bodies. Thusthe Corpuſcles of that Air we have been allthrs 
while ſpeaking of, being unable, by reafon of their weight, to 
aſcendabove- the Convexity of the Atmoſphere, and-by-reaſon 
| "i 
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of the reſiſtanceof the furface of the Earth and Water, to fall 
down lower, they are forced, by their own gravity and this re+ 
ſiſtance;ts expand anddiffuſe themſelves about the Terreſtrial 
Globe; whereby it comes to-paſs, that they muſt as well preſs 
che contiguous Corpuſcles of Air that on either fide oppoſe 
their Dilatation, as they muſt preſs upon the ſurface of the 
Earth, and, as it were recoyling thence, endeavourto thruſt 
away thoſe upper particles of Air that lean upon them, 

And, as for the eaſie. yielding of the Air to the Bodies that 
move in it, if we conſider that the Corpuſcles whereof it con- 
fiſts, though of a ſpringy nature, are yet fo very ſmall, as to 
make up(which'tis manifeſt they do) a fluid Body, it will not 
be difficult to conceive, that in the Air, as in other Bodies 
that are fluid, the _ _ it conſiſts of, are in an almoſt 
reſtleſs motion, whereby they become (as we , i 
have morefully difcourſed inanother Treatife) Hs Ah fr. 
very much diſpoſed to yield to other Bodies, or */- | 
eafie tobe difplacd by them ; and that the ſame Corpaſcles are 
likewiſe ſo variouſly mov'd, as they are intire Corpuſcles, that 
if ſome ftrive'to puſh a Body placdamong them towards the 
"right hand (for inſtance) others, whoſe motion hath an op- 
poſite determination, as ſtrongly thruſt the fame Body to- 
wardsthe left ; whereby neither of them proves able tomoveit 
out of its place, the preſſure on all hands being reduced as it 
were to an AMquilibrium: So that the Corpuſcles of the Air 
muſt be as well ſometimes conſidered under the notion of lit- 
tle Springs, which remaining bent, are in their eatire bulk 
tranſported from place to place; as under the notion of Springs 
diſphying themſelves, whoſe parts fly abroad, whilſt, as to 
their entire bulk they ſcarce change place: As the two ends 
of a Bow, ſhot off, fly from one another, whereas the Bow it 
ſelf may beheld faſt in the Archer's hand; and that it is the 
equal preffure of the Air on all fides upon the Bodies that are 
n it, which cauſeth the eaſie Ceffion of its parts, may be ar- 
gud from hence : That if by the help of our Engine the = 
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be but in great part, though not totally, drawn away from _ F 


one fide oft a Body without being drawn away from the 
other, he that ſhall think to move that Body to and fro, as 
eaſily as before, will find himſelf much miſtaken. Ds 
In verification of which we will, to divert your Lordſhip a 
little. mention here a Phenomenon of our Engine, which even 
to divers ingenious perſons hath at firſt ſight ſeem'd very 
wonderfull. | 


EXPERIMENT II. | 
if he thing that is wont to be admired, and which may paſs 


for our ſecond experiment is this, That1i!, when the Re- 

ceiver is almoſt empty,a By-ſtander Ledeſired to littup the braſs 
Key (formerly deſcribed as a ſtopple'in the braſs Cover) he will 
find it a difficult thing to do ſo, it the Veſſel be well exhauſted; 
andeven when but a moderate quantity of Air hath been drawn 
out, he will, when he hath litted it upa little, ſo that it is ſome- 
what looſe from the ſides of the lipor ſocket, which (with the 
helpof a little oyl) it exactly filled before, he will (I fay) find 
it ſo difficult to be lifted up, that he will imagine there is ſome 
great weight faſtned tothe bottom of it. And it (as ſometimes 
Fath been done for merriment) onely a Bladder be tied to 
it, it is pleaſant to ſee how men-wyll marvail that ſo light a 
Body, filled at moſt but with Air, ſhould ſo forcibly-draw down 
their hand as if it werefilld with fome very ponderousthing : 
Whereas the cauſe of this pretty Ph@nomenon ſeems plainly 
enough to be only this, Thatthe Air in the Receiver, being 
very muchdilated, its Spring muſt be very much weaknd, and 
conſequently it can but faintly preſsup the lower end of the * 
ſtopple, whereas the Spring of theexternal Air being no way ' : 
debilitated, he that a little lifts up the ſtopple muſt with his hand 
ſupport a preſſure equal to the diſproportion betwixt the force 
of the internal expanded Air, and that of the Atmoſphere. in- 
cumbent upon the upper part of the ſame key or ſtopple: And 
ſo men being unuſed to find any reſiſtance, in lifting things up, 
\ trom 
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from the free-Air above them, , they are forward to conclude 
that that which depreſſeth- their hands muſt needs be ſome 
weight, though they know not where placd, drawing be- 
neath 1t. * | 

And, that we have not miſ-aſſign'd the cauſe of this Phe. 
omenon, ſeems evident enough by this, That as Air.ts ſuffered 
by little and little to get into the Receiver, the weight that a 
man fancieth his hand ſupports, is manifeſtly felt to decreaſe 
more and more, the internal Air by this recruit approaching 
more to an Aquilibrium with the external, till at length the 
Receiver growing again full of Air, the ſtopple may be lifted 
up without any difficulty at all. 

By ſeveral other of the Experiments afforded us by our En- 
gine, the ſame notion, of the great and. equal preſſure of the 
tree Air upon the Bodies it: environs,” might be here maniteſt- 
ed, but that we think.it not ſo fit to anticipate ſuch Experi- ' 
ments: And therefore ſhall rather employ a tew lines to clear 
up the difficulty touching this matter, which we have obſerv'd 
to.have troubled fome even of the Philoſophical and Mathema- 
tical SpeCtators of. our Engine, who have wonder'd that we 
ſhould talk of the'Air exquiſitely ſhut up in our Receiver, as if 
it wereall onewith the preſſure of the Atmoſphere; whereas 
the thick and cloſe body of the Glaſs, wholly impervious to 
the Air, doth manifeſtly keep the incumbent Pillar of the At- 
moſphere from prelling in- the leaſt upon the Air within the 
Glaſs, whichit can no where come to touch. To elucidate a little 
this matter, let us conſider, That it a man ſhould take a fleece 
of Wooll, and having firſt by compreſling it in his hand re- 
duc'd it into a narrower compals,. ſhould nimbly convey and 
ſhut it cloſe up into a Box: juſt fit for it, though the force of 
his hand would then no longer bend thoſe numerous ſpringy 
Bodies that compoſe the Fleece, yet they would continue as 
ſtrongly bent as before, becauſe, the Box they are inclosd in, 
would as much reſiſt their re-expanding of themſelyes, as did 
the hand that put them in. For thus we may conceive, that the 
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Air being fhutup, whemirs-partsarebentby the wholeweight 
| ofthe incumbent Atmoſphere, though thar weight carino lon- 
ger leanupon-it, by reaſonit is kept off by the Glaſs, yet the 
Corpuſcles of the Air within that Glaſs continue as forcibly 
. bent, as they were before their inclufion, becauſe the ſides of 
' the Glaſs hinder them from diſplayingor ſtretching out them- 
felves. And if it be objeRted that this 1s unlikely, becauſe even 
Glaſ#bubbles, ſuch as are wont to be blown at the flame of a 
Lamp, exceeding thin,and-Hermetically featd, will not break; 
whereas it cannot beimagin'dthat ſothina Prifon of Glaſs could 
reſiſt the Elaftical force of all the included Air, if that Air were 
ſo compreſs'd as we ſuppoſe: It may be eaſily repty'd, That 
the prefſure of the inward Air againſt the Glaſs, is counter- 
 vaild by the equal preſſure of the outward againſt the ſame 
Glaſs. And we ſee 1n bubbles, that by reafon of this, an ex- 
ceeding thin film of Water is often able, for a good while, to 
hinder the eruption of a pretty quantity of Air. Andthis may 
be alſo more conſpicuous in thoſe great Spherical bubbles, that 
Boyes ſometimes blow with Water, to which: Sope hath gi- 
veha Tenacity. Bur that, if the preſſure of the ambient Air 
were remoy'd, the internal Air may be able to break thicker 
Glaſſes, than thoſe lately mention'd, will appear by ſome of 
the following Experiments; to which, weſhall therefore now 
haſten, having, I fear, been but too prolix in this Excurſion, 
though we thought it not amiſs to:annex to our firſt Experi- 
ments ſome general Conſiderationstouching the Spring of the 
Air, becauſe (this Do&rine being yeta ſtranger tothe Schools) 
not only we find not the thing rt ſelf tobe much taken notice 
of; but of thoſe few that have heard of it, thegreater part have 
been forward to reje& it, upon a miſtaken perſwafion, that 
thoſe Phenomena are the efje&ts of Natures abhorrency of a 
Facuum, which ſeem to be more fitly aſcribable to the weight 
and ſpring of the Air. | | 
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"©, EXPERIMENT It. | 
Tx 7 Ewill now proceed toobferve,thatthough, by the help 
WV Y' of the handle,theSucker be eaſtly drawn down tothe 
bottom of the Cylinder; yet, without the help of that Lea- 
ver, there would be required:to the fame effect, a force or 
weight great enough to ſurmount the preſiure of the whole 
Atmoſphere: 'ſince otherwife'the Ait. would not bedriven out 
of its-place, when none'is permitted to ſucceed into the place 
deſerted by the:Sucker. 'Thisfeems evident, from the known 
Torricelian Experiment, in which, it the- inverted Tube of 
Mercury be'but 2.5 Digits high, or ſomewhat.more, the Qujck- 
flver will not fall, butremain-ſuſpentedin the Tube, becauſe 
it cannotipreks the ſubjacent Mercary with ſo great afarce, as 
doth the incumbent Cylinder of the Air, reaching thence to 
the top of the Atmoſphere: "Whereas; if the Cylinder of Mer- 
cary were three or four digits longer, it would over-powerthat 
of the external Air, and run'outinto:the Veſlel'd Mercury, till 
the 'two/Cylinderscame to an-Zqui/ibrinm, and no: further, 
Hence we 'need not wonder, that though the Sucker moveea- 
fily enoughupand down'in the Cylinder by the help of the 
Manubrium ; yet if the Manubrium be taken off, it will require 
a conſiderable ſtrength to move it either way. Nor will it ſeem 
ſtrange, that if, when the Valve and Stop-cack are well ſhut, 
you draw down the Sucker, and then let go the Manubrinm ; 
the Sucker will, as it were of it ſelf, re-aſcend to the top of 
the Cylinder, fince the ſpring of the external Air findeth no- 
thing toreſiſt its preſſingup the Sucker. And for the famerea- 
ſon, when the Receiver is almoſt evacuated, though, having 
drawn downthe Sucker, you open the way from the Recet-. 
ver to the Cylinder, and then intercept that way again by re- 
turning the Key ; the Sucker will, upon the letting go the Ma- 
»ebriam, be forcibly carried yp almoſt tothe top of the Cy-. 
linder: Becauſe the Air within the Cyhader, being equally di- 
lated and weakned with that of the Glaſs, is unable to _ 
| ard 


(24) 
ſtand the preſſure. of the external Air, . till it be driven into fo 
. little ſpace, that theres an Zquilibrium betwixt its forceand 
_ that of the Air withotdt. "And corigruoufly hereunts wefing, 
that itt this caſe; 'the Sucker is drawn down with little leſs 
difficulty, than if the Cylinder, being devoid of Air, the Stop- 
cock were exactly ſhut: We might take noticeof ſome other 
things, thatdepend upon the Fabrick of our Engine it ſelf; bur 
to ſhun prolixity, we will, in this place, content our ſelves to 
mention one of them, which feems to be of greater, moment 
than the reſt, and itis this; that when the Sucker-hath been 
impell'd to the top of the Cylinder, and the Valve is fo caretul- 
ly ſtopp', that there is no Air left in the Cylinder above the 
Sucker: If then the Sucker beidrawn to the lower part of the 
Cylinder, he that manageth the Pump findeth not-any ſenfi- 
bly greater difficulty to.depreſs the Sucker, when 1t is nearer 
the bottom of the Cylinder, than-when itis much farther off. 
Which circumſtance we therefore think fit to take notice of, 
becauſe an-eeminent Modern Naturaliſt hath-taught, that, when 
the Air is ſucked out of 'a Body, the violence wherewith. it is 
wont to ruth into it again, as ſoon-as it 1s allow'd to re-enter, 
proceeds mainly from this; That the preſſure of the ambient 
Air is ſtrengthened upon the acceſſion of the Air ſuck'd out ; 
which, to make it ſelt room, forceth the neighbouring Air to 
a violent-ſubingreſſion of its parts: which, 1t it were true, he 
that draweth down the Sucker, would find the reſiſtance of 
the external Air increasd as he draweth it lower, more of the 
diſplaced Air being thruſt into it to compreſsit. But, by what 
hath been diſcours'd upon the firſt Experiment, it ſeems more 
probable, that without any ſuch ſtrengthening of the preſſure 
of the outward Air, the taking quiteaway or the debilitating 
of the reſiſtance from within, may ſuffice toproduce the effects 
under conſideration. But this will perhaps be illaſtrated by 
fome or other of our. future Experiments, and therefore ſhall 
be no longer inſiſted on-here;: 1 
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EXPERIMENT IV. 
T YT Aving thus taken notice of ſome of the conſtant Pheavomena 
of our Engine it ſelf, let us now proceed to the Experiments 
criable in it. 

We took thena Lambs Bladder large, well dry'd, and very lim- 
ber, and leaving in it about half as much Air as1t could contain, 
we causdtheneck of it tobe ſtrongly try'd, ſo that none of the in- 
cluded Air, thoughby preſlure, could get out. This Bladder being 
' convey'd-into the Receiver, and the Cover luted on, the Pump 
was ſet on work, andafter two or three exſ{uctionsof the ambient 
Air (whereby the Spring of that which remain 1n the Glaſs 
was weaken'd) the Imprifon'd Air began to ſwell inthe Bladder, 
and, as more and more of the Air 1a the Receiver was, from 
time to time, drawn out; ſo did that in the Bladder more and 
more expand it ſelf, and diſplay the folds of the formerly flaccid 
Bladder : So that before we had exhauſted the Receiver near ſo 
muchas we could, the Bladder appeir'd as full and ſtretched, as 
if it had been blown up with a Of ill | 

And thatit may appear that thisplumpneſs of the Bladder pro- 
ceeded fromthe ſurmounting of the debilitated Spring of the am- 
bient Air remaining in the Veſſel, by theſtronger Spring of the 
Air remaining in the Bladder; we return the Key of the Stop- 
cock, and by degreesallow'dthe external Air to return into the 
Receiver : Whereupon it happen'd, as was expected, that as the 
Air came in from without, the diſtended Air in the Bladder, was 
proportionably compreſsd into a narrower room, and the ſides 
of the Bladder grew flaccid, till the Receiver having re-admitted 
its wonted quantity of Air, the Bladder appear as full of wrin- 
kles and cavities as before. 

This Experiment is much of the ſame nature with that which 
was, ſome years ago, ſaidto bemadeby that eminent Geometri- 
cian Monſieur Roberval, with a Carps Bladder empty'd and con- 
vey d into a Tube, wherein the Experiment De Yacuo was after- 
wards try d, which ingenious Experiment of his, juſtly deſerveth 
the thanks of thoſe that have been, or ſhall be ſolicitous todiſco- 
ver the nature of the Air. E But 
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But to return to our Experiment, we may take notice of this 
Circumſtance in it, That after the Receiver hath been in ſome 


meaſure empty'd, the Bladder doth, at eachexſuction,ſwell much 


more conſpicuouſly than it did at any of the firſt ExſuCtions; . in- 
ſomuch that towards the end of the pumping, not only a great 
foldor cavity in the ſurface of the Bladder may be made even, by 
the {tretching of the inward ſelf-expanding Air : But we have 
ſometimes ſeen, upon the turning of the Key to let the ambient 
Air paſs out of the Receiver into the Cylinder, we have ſeen (I 
ſay) the Air inthe Bladder ſuddenly expand it ſelf fo much and 
ſo briskly, that it manifeſtly lifted up ſome light Bodies that 
leand upon it, and ſeem'd to liit up the Bladder it ſelf. 

Now becauſe it hath, by very learned Men, been doubted, 
whether the ſwelling of the Bladder may not have proceeded 
(not from the Dilatation of the included Air,) but from the 
Texture of the Fibres, which, being wont to keep the Bladder 
extended when the Animal (to whom it belong'd) was alive, 
may be ſuppogd in our Experiment to have return'd, like fo 
many Springs to their wonted extent, upon the removal of the 
ambient Air that compreſsd and bent them: Becauſe this, I fay, 
hath been doubted, we thought fit to make this further trial. 

Welet down into the Receiver with the fore-mentioned Blad- 
der twoother much ſmaller, and of the ſame kind of Animal; the 
one of theſe wasnot ty'dupat theneck that there might be liberty 
left to the Air that was not ſqueezd out (which might amount to 
about a fifth part of what the Bladder held before) to paſs out into 
the Receiver: The other had the ſides of it ſtretch'd outand preſs'd 
together, almoſt into the form of a Cup, that they might inter- 
cept the leſs Air betwixt them, and-then-was ſtrongly ty'd up 
at the neck : This done, and the Air being in ſome meaſure ſuck'd 
out of the Pneumatical Glaſs(if I may ſocall it) the Bladder, men- 
tion'd at the beginning of our Experiment, appear'd extended eve- 
ry way to its full Dimenſions; w hereasneither of the two others 
did remarkably ſwell, and that, whoſe neck: was not ty'd, ſeem'd 
very little, if at all leſs wrinkId than when' it was-put in. -. 

We made likewiſe a ſtrong Ligature about the middle of a long 

Bladder 
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Bladder partly empty'd, and upon the drawing the Airout of the 
Receiver,could obſerve no ſuch ſwelling betwixt the Ligatureand 
the neck-of the Bladder, which had been purpoſely lett open, as 
betwixt/the ſame Ligature and the bottom of the Bladder, 
whence the included Air could no way get out. IL 

But a farther and ſufficient manifeſtation whence the intumeſ- 
cence of the Bladder proceeds, may be deduc'd from the tollow- 
ing Experiment. 


EXPERIMENT Y. 


Otry then at once both what it was that expanded the Blad- 

der, and what a powerfull Spring there is ev'n in the Air 

we are wont to think uncompreſsd: We causd a Bladder dry, 
well ty'd and blown moderately full, to be hung in the Recei- 
ver by one end of a ſtring, whoſe other end was faſtned to the 
inſide of the Cover: and upon drawing out the ambient Air, 
that preſs'd on the Bladder; the internal Air not finding the won- 
ted reſiſtance, firſt ſwelld and diſtended the Bladder, and then 
broke it,with ſowideand crooked a rent, as if it had been forcibly 
torn aſunder with hands. After which a ſecond Bladder being 
convey din, the Experiment was repeated with like ſucceſs: 
AndI ſuppeſe it will not be imagin'd that in this caſe the Blad- 


_ der was broken by its own Fibres, rather than by the Impri- 
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' Andof this Experiment theſe two Phenomena may be taken 
notice of: The one, that the Bladder at its breaking gavea great 
report, almoſt like a Cracker: And theother, That the Air con- 
taindin the Bladder, had the power to break it with the men- 
tiond Impetuolity, long, before the ambient Air was all, or near 
all, drawn out of the Receiver. 1 OR 

- But, to verifie what we ſay in another Diſcourſe, where we 
ſhow, Thateven true Experiments may, by reaſon of the eafie mi- 
itakeof fome unheeded Circumſtance, be unſucceſsfully try'd; we 


will Advertife; onthis occafion; that we did oftentimes in vain try 


the breaking of Bladders, after the manner above mention'd: Of 
which the cauſe appear'd to be this, That the Bladders we could 
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not break, having been _ us ready blown frotn thoſe that 
fold them,weregrowndry before they came toour hands: whence 
ir came to paſs, that, if weafterwardsty'd them very hard, 
were apt to tretand ſo becomeunſerviceable; and if wety'd them 
but moderately hard, their ſtifneſs kept them from being clos'd fo 
exaQly, but that when the included Air had inthe exhauſted Re- 
ceiverdiſtended them as much as eaſily it could, it would in part 
get out between the little wrinkles of the SphinCter of the Neck : 
Whencealfſo it uſually happen'd, that, upon the letting in the Air 
from without, the Bladders appeard more flaccid and empty than 
before they were put in; whereas when the Bladders were brought 
us moiſt from the Butchers, we could, without injuring them, tie 
their necks ſo cloſe,that none of the Air once blownin, could get 
out of them, but by violently breaking them. maT 
It would not be amiſs on thisoccaſion to point at ſomething 
which may deſerve a more deliberate Speculation than wecan 
now afford it ; namely that the Elaſtical Power of the ſame Quan- 
tity of Air may be as well encreasd by the Agitation of the Aeri- 
al Particles (whether only moving them more ſwiftly and ſcat- 
tering them, or alſo extending or ſtretching them out, I deter- 
mine not) within an every way incloſingand yet yielding Body; 
as diſplay'd by the withdrawing of the Air that preſsd at with- 
out. For we foundthat a Bladder, but moderately alld with Air 
and ſtrongly ty'd, being a while held near the Fire, not only grew 
exceeding turgid and hard, but afterwards, being brought nearer 
to the Fire, ſuddenly broke with ſo. loud and vehement a noiſe, as 
_ _ that were by, and made us for. a while after, al- 
moſt deat. ; | of] Ho Dol 909 Ft! 


EXPERIMENT WE. oo 
| thus ſeen.that the Air hath an Elaſtical Power, we 

were next deſirous to know in ſome meaſure how farapar- 
cel of Air might by this its own Spring be dilated. Amd though 
we werenot provided of Inſtruments fit to-meafure the wilatati- 
on of the Air any thingaccurately; yet becauſe animperfec& mea- 
{ure of it was moredeſirable than none atall, wedevisd the. fol- 
lowing method as verycaſily practicable. | We 
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"We took a limber Lambs Bladder which wasthorowly wetted 
in fair Water, that the ſides of -it being ſqueezd together, there 
mightbeno Air left in itsfolds: (asindeed we couldnot afterwards 
upon trial diſcern» any). The neck of this Bladder was ſtrongly 
tied about that of a fmall Glaſs, (capable 'of holding five tull 
drachmes of Water) the Bladder being firſt ſo compreſsd, that 
all the included Air was only in the Glaſs, without being preſs'd 
there; then the Pumpbeing ſet onworkaftera fewexfuctions, the 
Air in the little Viol begag todilateit ſelf and produce a ſmall Tn- 
mor intheneckof the Bladder ; and as the ambient Air was more 
and moredrawn away, fo the included Air penetrated farther and 
farther intothe Bladder, and by degrees liſted up the ſides and dif- 
play'dits folds, till at length it ſeem'd- to have. blown it up to its 
tull extent: Whereupon the external Air, being permitted to flow 
back into the Receiver, repuls'd the Air that bad filld the Blad- 
der, into its former narrow receptacle, and brought theBladderto 
beagain flaccid and wrinkled as before: Then taking out the Blad- 
der, but without ſevering it fromtheGlaſs, we did, by a hole made 
at.the top of the Bladder, fill the Veſſel; they both made up, with 
Water, whoſe weight was five Ounces five Drachmes and a half: 
FiveDrachmes whereof were above-mentiond to be the contents 
of the Bottle. Sothat in this Experiment, whenthe Air had moſt 
extended the Bladder, it poſſeſs in all above nine timesas much 
room as-it did when it was put into the Receiver. Andit would 
probably have much inlargdits bounds, but that the Bladder by 
its weightand the ſticking together of its ſides did ſomewhat reſiſt 
its expanſion: And which-was more conſiderable, the Bladder ap- 
peard tumidenough, whilſt yet a pretty deal of Air wasleft in the 
Receiver, whoſeexſuQion would according to our former Obſer- 
vation, probably havegiven way toa farther expanſionof the Air, 
"my ſuppoſing the dilatation not to be reſtrain'd by the 
Bladder. 6 1208 


| Quan: wrote the other day the former Experiment, we have 
met with ſome Glaſſes not very unfit for our purpoſe; by 


means of which weare-now able, with alittle more trouble, to 
E3 | mea- 
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meaſure the expanſion of the Aira great dealmoreaceurately than 


we could by the help of the above-mention'd Bladder, which 
was much too narrow to allow the Air ts utmoſt diſtention. ** 
' \'We took then firſt a Cylindrical Pipe'{of Glaſs, ' whoſe' bore 
was about a quarter of an Inch'in Diameter: This Pipe 'was'ſo 
bent and doubled, that, notwithſtanding its being about two foot 
in length, it:might have-been ſhut -up into a ſmaller Receiver, 
not a Foot:ligh: Bur-by-migfortune it crack. in the cooling, 
wheteby. we were” reduced to:make uſe of one part which was 
ſtraight and intire, but exceeded not'ſix or ſeven Inches. This 
little Tube was open at one end; and at the other, where it was 
Hermetically ſeal'd, had a ſmall Glaſs bubble to receive the Air 
whoſe dilatation was to be meaſurd. ' R - 
Along the ſide of this Tube' was'paſted a ſtraight narrow piece 
of Parchment, divided into twenty ſix equal parts, marked with 
black Lines and Figures, that by chem might be meaſurd both 
the included Air and its dilatation: ' Atterwardswe filld the Tube 
with Water, almoſt to the top; -and ſtopping the open end with 
the Finger, and inverting the Tube, the Air was permitted to af- 
cend to the above-mention'd Glaſs bubble. And by-reaſon this 
aſcent was very ſlow, it gave us the opportunity to mark: how 
much more or leſs than one of the twenty fix diviſions this Air 
took up. By this means, after a trial or. two, we were inabled to 
convey to the top of the Glaſs a bubble of Air equal enough, as 
to ſight, to one of thoſe Diviſions: Then the open end of the 
Tube being put into a ſmall Viol, whoſe bottom was cover'd with 
Water; about halt an Inch high ; we included both Glaſſes into 
a ſmall and ſlender Receiver, and cauſed the. Pump to be ſet on 
work. The event was, That at the firſt exſuction of the Air 
there appear'd not any expanſion of the bubble, comparable to 
what appear'd at the ſecond; and that upon a very few exſuctions 
the bubble reaching as low as the ſurtaceot the ſubjacent Water, 
gave us cauſe to think, That it our Pipe had not been broken, it 
would have expanded it ſelf. much farther: *Wherefore-we took 
out the little Tube, and found that beſides the twenty ſix diviſions 
tormerly mention'd, the Glaſs bubble and'ſome part of the Pipe 
| to 
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4 ' to Which the divided Parchmentdid not reach, amounted to {ix 


diviſions more. Whereby it appears that the Air hath take u - 
one and thirty times as much room as before, and yet ſeem'd capa- 
bleof a much greater expanſion, if the Glaſs would have permit- 
ted it. Wherefore after the former manner, we kt in another 
bubble, that by our gueſs was but half as big as the former, and 
found, that upon the exſuCtion of the Air from the Receiver, this 
little bubble did not only fill up the whole Tube, but (in part) 
break through the ſubjacent Water in the Viol,- and thereby 
manifeſt it ſelf to have poſſeſſed fixty .and odd times its former 
roo. : i: 55 21 
Theſe two Experiments are mention'd to make way for the 
moreealy belief of that which is now to follow. Finding then that 
our Tube was too ſhort to ſerve our turn, we took a ſlender Quill 
of Glaſs which happen'd to beat hand, though it were not fo fit 
for our purpoſeas we could have wiſhed, in regard it wasthree or 
four times as big at one end as the other. This Pipe which was 
thirty Inches long, being Hermetically ſeal'd at the ſlender end, 
was almoſt filled with water; and after the above-related manner 
a bubble was convey'd tothe top of it, and the open extreme was 
put into a Viol that had a little fair Water at the bottom : Then 
the Cover, by means of a ſmall hole purpoſely madein it for the 
Glaſs Pipeto ſtand out at, wascemented on to the Receiver, and 
the Pump being ſet on work, after ſome exſuttions, not only the 
Air manifeſtly appeard extended below the ſurtace of the ſubja- 
cent Water; but one of the By-ſtanders affirms, that heſaw ſome 
bubbles come out at the bottom of the Pipe and break through the 
Water. This done, we left off Pumping, and obſerv'd how at the 
unperceiv'd leaks of the Receiver theBir got in ſotaſt, that it very 
quickly impell'd up the Water to the topof the Tube, excepting 
a little ſpace whereinto that bubble was repulsd, which had ſo 
lately poſleſsd the whole Tube ; this Air at the ſlender end 
appear'd to be a Cylinder of £ parts of an Inch in length, bur 
when the Pipe was taken out and turn'd upſide down, it appeard 
at the other end inferiour in bulck to a Pea. 

Theſe things being thus done we took (to make the Experi- 
ment 
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ment the more exa&ly ) a ſimall pairof Scales, ſuchas Gold-Smiths 
uſe to weigh Cold Coynin; and weighing the Tube and Water in 
it, we found them to amount to one Ounce thirty Grains and an 
half: Then we pourd in as much Water as fervd to fill up the 
Tube, wherein before we had leftas much ſpaceunfill'd up 8s was 
poſſelsd by the bubble, and weighing again the Pipe and Water, 
 wefound th weight increasd onely by one Grain.Laſtly,pouring 

out the Water, and carefully freeing the ab from it (which yet 

we could not perfe&tly doe) we weighed the Glaſs alone, and 
found it to want two Drachmes and thirty two Grains of its for- 
mer weight: So that the bubble of Air taking up the room but of 


one Grain in weight of Water, it appear that the Air by its own 


?AzThie was 10 rarified, aSto take up one hundred fifty two timesas 
much room as it did before: Though it were then compre(sd by 
nothing but the ordinary preſſure ot the contiguous Air. I know 
not whether it be requiſite to take notice, that this Experiment 
was made indeed in a moiſt Night, but in a Room, 1n whoſe 
Chimney there was burning a good Fire, which did ep ſome- 
what rarifie the Air of which the bubble conſiſted. 

It hath ſeem'd almoſt incredible whichis related by theInduſtri- 
ous Merſennus, That the Air by the violence of heat, though as 
great as our Veſſels can ſupport without fuſion, can be ſo dilated 
as to take up ſeventy times as much room as before: Wherefore 
becauſe we were willing tohavea confirmation of ſo ſtrangea Phe- 
0menon; weonce more convey d into the Tubea bubble of the 
bigneſs of the former, and proſecuting the Experiment as before 
with the ſame Water, we obſerved that the Air did manifeſtly 
ſtretch it ſelf ſofar, as to appear ſeveral times a good way below 
the ſurface of the Water inthe Viol, .and that too with a ſurface 
very convex toward the bottom of the Pipe. Nay, the Pump 
being ply da little longer, the Air did manifeſtly reach to that 
place where the bottom of the Tube leaned upon the bottom of 
the Viol, andſeemed toknockupon itand rebound fromit : Which 
Circumſtances we add, partly that the Phawomenon we have been 
relating may not be 1raputed to the bare ſubfiding of'the Water 
that filled the Tube, upon the taking off the preſſure of the ambi- 
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ent Air. And partly alſo that it may appear that if our Expe- 
riments have not”been fo accurately made as with fitter Inſtru- 
ments might perhaps be poſſible ; yet the expanſton of the Air 
is likely to be rather greater than leſſer than we have made it : 
Since the Air was able to preſs away the Water at the bottom of 
the Pipe, though that were about two Inches below the ſurface 
of the Water that was then in the Viol, and would have been at 
leaſt as high in the Pipe, if the Water had onely ſubſided and not 
been depreſſed : So that it ſeems not unlikely that if the Expe- 
riment could be ſo made, as that the expanſion of the Air might 
not be reſiſted by the Neighbouring Bodies, it would yet enlarge 
its bounds, and perhaps ſtretch it (elf to two hundred times us 
former bulk, ifnot more. However, what we have now tryed 
will, I hope, ſuffice to hinder divers of the Phenomena of our En- 
gine from being diſtruſted : Since in that part of the Atmoſphere 
we live in, that which we call the free Air (and preſume to be fo 
uncompreſſed) is crouded into fo very ſmall a part of that ſpace, 
which if it were not hindred it would poſſeſs. We would gladly 


. have tryed alſo whether the Air at its greateſt expanſion could 


be farther rarified by heat ; but doe what we could, our Receiver 
leaked too faſt to let us give our ſelves any fatisfattion in that 


; particular. 


EXPERIMENT VII. 


O diſcover likewiſe by the means of that preſſure of the 

Air, both the ſtrength of Glaſs, and how much intereſt 

the Figure of a Body may have in its greater or leſſer Reſiſtance 
to the preſſure of other Bodies, we made theſe farther tryals. 

We causd.to be blown with a Lamp, a round Glaſs bubble, 

capable of containing, by gueſs, about five Ounces of Water, 


| 'witha ſlender neck about the bigneſs of a Swan's Quill, and it 


was purpoſely blown very thin, as Viols made with Lamps are 
wont to be, that the thinneſs of the matter might keep the 


| roundneſs of the Figure from making the Veſſel too ſtrong. 


Then having moderately emptied the Receiver, and taken it 
out of the Pump, we ſpeedily applied to the Orifice of the bot- 
F tom 
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tom of it, the Neck of the newly mention'd Glaſs, carefully ſtop- 
ping the Crannies with melted Plaiſter, that no Air might get 
in at them : And atter turning the Key of the Stop-cock, we 
made a tree paſſage for the Air to paſs out of the bubble into the 
Receiver : Which it did with great celerity, leaving the bubble 
as empty as the Receiver it ſelt ; as appear to us by ſome Cir- 
cumſtances not now to be inſiſted on. Notwithſtanding all 
which, the Veſſel, continuing as intire as before, gave us cauſe 
ro wonder that the bare roundneſs of the Figure ſhould enable a 
Glaſs, almoſt as thin as Paper, to reſiſt ſo great a preſſure as that 
of the whole incumbent Atmoſphere. And having reiterated the 
Experiment, we found again that the preſſure of the ambient 


Body, thruſting all the parts inwards, made them, by reafon of 


their arched Figure, fo ſupport one another, that the Glaſs re- 
main'd as whole as at firſt. | 

Now that the Figure of the Glafs is of great moment in this 
matter, may be evinced by this other Experiment. 


EXPERIMENT VII. 


WW E took a Glaſs Helmet or Alembick (delineated by the 
/ ſeventh Figure) ſuch as Chymiſts uſe in Diſtillations, 
and containing by conjecture between two and three Pints : The 
Reſtrum or Roſe of it mark'd with (c) was Hermetically cloſed; 
and at the top of it was a hole, into which was fitted and ce- 
mented one of the Shanks of a middle-fizd Stop-cock ; ſo that 
the Glaſs being turn'd upſide-down, the wide Orifice ( which 
in common Glaſs-Helmets is the onely one) was upwards ; and 
to that wide Orifice was fitted a caſt cover of Lead, which was 
carefully cemented on to the Glaſs : Then the other Shank of 
the Stop-cock being with cement likewiſe faſten'd into the upper 
part of the Pump, the exſuction of the Air was endeavoured. 
But it was not long before, the remaining Air being made much 
too weak to ballance the preſſure of the Ambient Air, the Glaſs 
. was (not without a great noiſe) crack'd almoſt halt round, along 
that part of it where it began to bend inwards : As 1 in the F1- 
gure, the crack had been made according to the Line ( a 5,) and 

upon 


—X i= 


QT UQ GD = 7% 


(25) 
upon an endeavour to pump ut more of the Air, the crack once 
begun, appear to run on farther ; though the Glaſs where it 
was broken ſeem'd to be ( by conjeCture) above ten, ſome 
thought above twenty times, as thick as the bubble mentioned 
in the foregoing Experiment. 

This will perhaps make it ſeem ſtrange, that having taken 
another Glaſs bubble blown at the ſame time, and like tor ought 
we diſcerned for ſize, thickneſs and Figure, to that thin one tor- 
merly mentioned ; and having ſealed it up Hermetically, and 
ſuſpended it in the Receiver, the exſuCtion of the ambient Air 
did not enable the impriſoned Air to break, or 1n the leaſt to 
crack the bubble ; though the Experiment were laboriouſly tried, 
and that ſeveral times with bubbles of other ſizes : But that per- 
haps the heat of the Candle or Lamp wherewith ſuch Glaſſes are 
Hermetically ſealed, (not to mention the warmth of his hands 
that ſeal'd it ) might ſo rarefy the contained Air, as much to 
weaken its Spring, may ſeem probable by the following Expe- 
riments. 


EXPERIMENT IX. 


E took a Glaſs Viol able-to hold three or four Ounces 

of Water, and of the thickneſs uſual in Glaſſes of that 
ſize; into the Neck of this was put a moderately ſlender Pipe of 
Glaſs, which was carefully faſtened with a mixture of equal parts 
of Pitch and Rofin to the Neck of the Viol, and which reached 
almoſt go the bottom of it, as the ſixth Figure declareth. 

This Viol being, upon a particular deſign, filled with Water, 
till that-came up 1n it, a pretty deal higher than the lower end 
of the Pipe, was put into one of our ſmall Receivers, ( contaimn- 
ing between a Pint and a Quart) in ſuch manner as that the Glaſs 
Pipe, paſſing through a hole made purpoſely for it in the Leaden- 
Cover of the Receiver, was for the moſt part of it without the 
Veſſel, which being exa&tly cloſed, the Pump was ſet on work : 
But at the very firſt exfuction, and before the Sucker was drawn 
to the bottom of the Cylinder, there flew out of the Viol a piece 
of Glaſs half as broad as the Palm of a Man's Hand, and it was 
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thrown out with ſuch violence, that hitting againſt the Neigh- 
bouring ſide of the Receiver, it not onely daſhed it ſelf to pieces, 


* but cracked the very Receiver in many places, with a great 


; Noiſe that much ſurpriſed all that were in the Room. but it 
ſeemed, that in ſo little a Receiver, the Air about the Viol be- 


ing ſuddenly drawn out, the Air impriſoned in the Veſſel, ha- 


ving on it the whole preſſure of the Atmoſphere { to which by 
the Pipe open at both ends, It and the Water were expoſed) and 
not having on the other ſide the wonted preſſure of the Ambient 
Air to ballance that other preſſure, the reſiſtance of Glaſs was 
finally ſurmounted , and the Viol once beginning to break 
wW 
vidfence enough to throw the cracked parcel ſo forcibly a- 
gainſt the Neighbouring ſide of the. Receiver , as to break 
that too. | 

And this may be preſumed ſufficient to verify what we'deli- 
vered in that part of our Appendix to the firſt Experiment 
where we mentioned the almoſt equal preſſure of the Air on 
either ſide of a thin Glafs Veſſel, as the cauſe of its not being 
broken by the forcible ſpring of the contained Air. But yet 
that it be not ſuſpe&ted that chance had an intereſt in ſo odd an 
Experiment as we have been relating, we will add that for 
farther ſatisfaction we reiterated it in a round Glaſs contain- 
ing by Gueſs about ſix ounces of Water : This Viol we put 
into ſuch a ſmall Receiver as was lately mentioned, in ſuch 
manner as that the bottom of it reſted upon the lower part of 
the Pneumatical Glaſs, and the Neck came out through the 
Leaden-cover of the ſame at a hole made purpoſely for it. But 
being made circumſpe& by the foregoing miſchance, we had 
put the Viol into a Bladder, before we put it into the Re- 
ceiver to hinder this laſt-named Glaſs from being endangered 
by the breaking of the other. Then the Pneumatical Veſſel 
being cloſed ſo that no way. was left for the outward Air to 
get into it, but by breaking through the Viol, into whoſe ca- 
vity it had free acceſs by the mouth of it, ( which was pur- 


poſely left open, ) the Sucker being nimbly drawn down, the 
| external 


e it was weakeſt, the external Air might ruſh in with 
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external Air immediately preſled forcibly as well upon the Lea- 
den-cover as the Viol; and the Cover happening to be in one 
place a little narrower than the edge of the Pneumatical Glaſs, 


' was depreſſed, and thruſt into it fo violently by the incumbent 


Air, that getting a little within the tapering Lip of rhe Glaſs, 
it did ( like a kind of Wedge,) thruſt out that fide where it 
was depreſſed, ſo as, (though the Receiver was new,) to ſplit 
it. This accident being thus mentioned upon the bye to con- 
firm what we formerly ſaid touching the fitneſs or unfitneſs of 
Glaſſes of ſome Figures to reſiſt the preſſure of the Atmoſphere ; 
We will proceed to relate the remaining part of the Experiment, 
namely, That having fitted on a wider Cover to the ſame Re- 
ceiver, and cloſed both that and the crack with Cement, we 
proſecuted the Experiment in the manner above related, with 
this ſucceſs : That upon the quick depreſſing of the Sucker, the 
external Air burſt the Body of the Viol into above an hundred 
pieces, many of them exceeding ſmall, and that with ſuch vio- 
lence, that we found a wide rent, beſides many holes, made in: 
the Bladder it ſelf. 

And to evince that theſe Phenomena were the effes of a li- 
mited and even moderate force, and not of fuch an abhorrency 
of a Yacuwm as that to avoid it, many have been pleaſed to think 
that Nature muſt, upon occaſion, exerciſe an almoſt boundleſs 
power ; we afterwards purpoſely try'd this Experiment with ſe- 
veral Glaſſes ſomewhat thicker than thoſe Viols, and found the 
event to verify our conjecture, that it would not ſucceed : For:- 
the Glaſſes were taken out as intire as they were put in.- 

And here, My Lord, I hold it not unfit, upon occaſion of the - 
mention that hath been made of our having employ'd ſmall Re- 
ceivers, and one of them, notwithſtanding its being crack'd, to - 
annex theſe two Advertiſements. po 

Firſt then, beſides the great Pneumatical Glaſs ſo ofter: - 
mentioned, and the proportionate Stop-cock, we thought fit 
to provide our ſelves with ſome ſmall Receivers blown of Cry- 
{falline Glaſs, of ſeveral Shapes, and furniſhed with ſmaller 
Stop-cocks purpoſely made; and this we did upon hopes, that 

when 
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when we had ſurmounted the difficulties to be met with in Ce- 
menting the Glaſſes to the Stop-cocks, and the Pneumatical Vel- 
ſels to the Pump, ſo exquiſitely as is requiſite for our purpoſe, 
we ſhould trom the ſmallneſs of our Receivers receive a four-told 
Advantage. The firſt, that by reaſon of the ſlenderneſs of the 
Veſſels, and their being made of much purer and clearer metal, 
(as the Glaſs-men ſpeak,) than the great Reeeiver , we might 
have a more perfect view of every thing happening within them. 
The next, that ſuch ſmall Veſlels might be emptied with leſs 
labour and in much leſs time. - The third, that this nimble ex- 
ſuction of the ambient Air would make many changes in the Bo- 
dies ſhut up in theſe Glaſſes more ſudden and conſpicuous than 
otherwitle they would prove. And the laſt, that we ſhould be 
able to draw and keep out the Air much. more perfe&tly from 
ſuch ſmall Veſſels than from our large Receiver, But though we 
were not much diſappointed in the expeQation of the three firſt 
advantages, yet we were in our hopes of the fourth. For beſides 
the great difficulty we found in fitting together the Glaſſes, the 
Stop-cocks, and the Covers ; beſides this I ſay, we found our 
ſelves ſeldom. abke todraw, and keep out the Air fo far as to make 
the remaining Air in theſe Receivers weaker than the remaining 
Air in our great Receiver. For though ſometimes the Leaks of 
ſome of theſe little Receivers may be much (either fewer or ſmal- 
ler) than thoſe of the larger Veſſel; yet a little Air getting into 
one of theſe, wherein it had but little room to expand and diſ- 
play it ſelf, might preſs as much upon all parts of the internal 
ſurtace of the Veſſel, and upon the included Bodies, as a greater 
quantity of the Air in a Veſſel in whoſe capacity it might find 
more room to expand it ſelt. 

The other thing that we were to advertiſe, is, That 'tis not 
every ſmall crack that can make ſuch a Receiver as is of a roun- 
diſh Figure altogether uſeleſs to our Experiment, in regard that 
upon the exſuction of the internal Air, the ambient Air on all ſides 
preſſing the Glaſs inwards or towards the middle, doth conſequent- 
ly _ the Lips of the crack cloſer, and fo rather cloſe than in- 
creaſe it. | 


This 
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This I mention partly becauſe Receivers fit for our turn are- 
more eaſily cracked than procured, and therefore ought not to 
be unneceſfarily thrown away as unſerviceable : And pattly be- 
cauſe I think it becomes' one that profeſſerh himſelf a faithfull 
Relator of Experiments, not to conceal trom Your Lordſhip, 
chat after a few of the foregoing Experiments were made, there 
happened in the great Receiver a crack of about a Span long, be- 
ginning at the upper Orifice, and occaſiond, as it ſeem'd, by the 
exceſlive heat of too large an Iron that was employ to melt the 
Cement about that Orifice. But having laid upon this crack a 
broad Plaiſter, (which in one of our Eſlays written ſome years 
ſince to your ingenious and hopefull Couſin Foxes, we extoll for 
the mending of crack'd Receivers, and other Chymical Glaſles;) 
and having afterwards thickly overlaid this Plaiſter with Diachy- 
lon, we neither could then, nor can yet- perceive that the Veſſel 
leaks ſenſibly at that crack. | 

The Plaitter was made of good quick Lime finely poudred, 
and nimbly ground with a Peltle in a Mortar, with a quantity 
(I know not how much preciſely, not having thoſe Eſſays in 
this place) of ſcrapings of Cheeſe and a little fair Water, no more 
than is juſt neceſſary to bring the mixture to a ſomewhat ſoft 
Paſte, which when the Ingredients are exquiſitely incorporated, 
will have a ſtrong and' ſtincking ſmell : Then it muſt be im- 
mediately ſpread upon a Linnen Cloath of three or four fingers 
breadth, and preſently apply'd, leſt it begin to harden. But if 
your Lordſhip had ſeen how we mended with it Receivers even 
tor the moſt ſubtle Chymical Spirits, You would ſcarce wonder 
at the ſervice it hath done in our Pneumatical Glaſs. 


EXPERIMENT X. 
WW E took a Tallow-candle of fuch a ſize that eight of them 


make about a pound, and having in a very commodious 
Candleſtick let it down into the Receiver, and for ſuſpended it, 
that the Flame burnt almoſt in the middle of the Veſſel, we did 
in ſome two minutes exactly cloſe it up : and upon pumping ve- 
ry nimbly, we found, that, within little more than half a mi- 
nute 
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nute after, the Flame went out, though the Snuff had been pur- 
poſely left of that: length we judged the moſt convenient for the 
laſting of the Flame. 

But the ſecond time having put in the ſame'Candle into the 
Receiver, ( after it had by the blaſts of a pair of Bellows been 
freed from Fumes) the Flame laſted about two minutes from the 
time the Pumper began to draw out the Air ; upon the firſt ex- 
ſuction whereof, the Flame ſeem'd to contract it ſelf in all its di- 
menſions. And theſe things were farther obſervable, that after 
the two or three firſt exſuctions of the Air, the Flame (except 
at the very top) appear'd exceeding blew, and that the Flame 
ſtill receded more and more from the Tallow, till at length it ap- 
pear'd to poſſeſs onely the very top of the Week, and there it 
went out. 

The fame Candle being lighted again was ſhut into the Re- 
ceiver, to try how it would laſt there without drawing forth. 
the Air, and we found that it laſted much longer than tormer- 
ly; and before it went out, receded from the Tallow towards 
the top of the Week, but not neer ſo much as in the former 
Experiment. 

And having an intentson to obſerve particularly what the mo- 
tion of the Smoke would be in theſe Experiments : We took no- 
tice that when the Air was not drawn out, there did, upon the 
extinCtion of the Flame, a conſiderable part of the Week remain 
kindled, which ( probably by reaſon of the Circulation of the 
Air) in the Veſſel, occaſiond by the heat) emitted a Steam, 
which aſcended ſwiftly and dire&tly upwards in a ſlender and un- 
interrupted Cylinder of ſmoke, till it came to the top, whence 
it manifeſtly recoild by the ſides to the lower part of the Veſſel. 
Whereas when the Flame went out upon the exſuttion of the Air 
one time -( when the Flame retird very leaſurely to the top) we 
perceived it not to be follow'd by any ſmoke at all. And at ano- 
ther time the upper part of the Week remaining kindled after the 
extinction of the Flame, the ſlender ſteam of Fumes that did ariſe 
aſcended but avery little way, and then after ſome uncertain mo- 
tions this and that way, did, for the moſt part, ſoon fall down- 
wards. Being 


: Being defirous alſo to try whether there would be any ditfe- 
rence as well in our Receiver, as there is wont to be elſewhere be: 
twixt Candles made of Wax and thoſe made of Tallow, as to 
their duration; we took ſlender Tapers of white Wax,(commonly 
called Virgins Wax) that being tound to burn with much leſs 
ſmoke than common yellow Wax. Six of theſe of like bigneſs, 
and each of them of about the thickneſs of a Swan's Quill, we 
preſsd together into one Candle : and having lighted all the 
Weeks, we let in the above-mention'd Wax-candle into the Re- 
ceiver,and made what haſte we could to cloſe it up with Cement. 
But, though in the mean while we left open the Valve of the 
Cylinder, the hole of the Stop-cock, and that in the Cover of 
the Receiver, that ſome Air might get in to cheriſh the Flame, 
and the. Smoke might have a vent ; Yet for ſo great a Flame the 
Air ſufficed not fo- much as till the Cover could be perfe&tly lu- - 
ted on : .So that before we were quite ready to imploy the Pump, 
the Candle was extinguiſhed. Wherefore we took but one of the 
above:mention'd-Tapers;. and having lighted it, closd it up in 
the Receiver, to try how long a ſmall Flame with a proportio- 
nable ſmoke would continue in ſuch a quantity of Air : but we 
found upon two ſeveral tryals, that from the beginning of pump- 
ing, the Flame went out in about a minute of an hour. It ap- 
pear'd indeed to us that the ſwinging of the Wier to and fro (in 
the. Engine ſhaken. by. pumping ) haſten'd the vaniſhing of the 
Flame, which ſeem by that motion to be caſt ſometimes on one 
fide of the Week and ſometimes on the other. But though once 
we purpoſely retrain'd pumping after a very few exſu&tions of 
the Air, that the Flame might not be agitated, yet it laſted not 
much;longer than the newly-mention'd time. And laſtly, clo- - 
{ingup the ſame Taper, lighted again, to diſcover how long it 
would Jaſt without drawing out of the Air, we found that it 
burnt for a while vividly enough, but afterwards began to be 
leſſen'd. more and more in all its dimenſions. © And we obſerv'd 
thatithe, Flame did not; as before, retire it ſelf by little and little 
towards the top; but towards the' bottom of the Week (from 
which yet it did 2 little withdraw upwards juſt before it went out) 
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fo thar the upper part of the Week-appeard for a pretty while 
manifeſtly above the top of the Flame, which having laſted 
about five minutes, was ſucceeded by a diretly aſcending 
{ſtream of Smoke. | [77s 16-1442 HE 


EXPERIMENT XI. 


Here was taken a Wier, which being bent almoſt in the 
form of a Screw , : conſtituted ſuch an Inſtrument, to 
contain Coals and leave them every way acceflible to the Air, 
as the tenth Figure declareth ; the breadth -of this Veiſel was no 
leſs than that it might with eaſe be convey'd into the Receiver : 
And having filld. it to the height of about five Inches with 
throughly kindled Wood-coals, we let it down into the Glaſs ; 
and ſpeedily clofing it, we causd the Pumper to ply his work, 
and obſervd that upon the very firſt exſuQtion, 'of the Air 
( though perhaps not becauſe of that onely ) the Fire- in the 
Coals began to grow very dim, and though the agitation of the 
Veſſel did make them ſwing up and down ( which in' the free 
Air would have retarded the extinCtion of the Fire) yet when 
we could no longer diſcern any rednefs at all in any of them, 
caſting our eyes upon a minute Watch we kept by us on this 
occaſion, we found that from the beginning of the Pumping 
(which might be about two minutes after the Coals had been 
put in glowing ) to the total diſ-appearing of the Fire, there 
had paſſed but three minutes OO1_m RITA 
Whergupon, to try the Experiment a little farther, we pre- 
{ently took out the Coals, in which it ſeems there had remained 
ſome little parcels of Fire, rather cover'd than totally queneh'd:: 
For in the open Air the Coals began to'be re-kindled' in ſeveral 
places, wherefore having by fwinging them about in the 'Wier, 
throughly lighted them the ſecond time, we let them down 
again into the Receiver, and closd it ſpeedily as before; and 
then waiting till the Fire ſeem'd totally extin& without medling 
with the Pump, we found that from the 'time the Veſſel was 
clos'd, till that no Fire at all could be petceivid/ithere had pa. 
ſed about four minutes : Whereby it ſeem'd to appear that the 
drawing 
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drawing away of the ambient Air made the Fire go out ſooner 
than otherwiſe it would have done ; though that part of the 
Air that we drew out left the mare room tar the ſtifling ſteams 

of the Coals to be received into. * 
Laſtly, Having taken out the Wier and put other Coals into 
it, we did, in the ſame Room where the Engine ſtood, ler it 
hang quietly by a ſtring in the open Air, to try how long the 
Fire would laſt without agitation, when no Air was kept from 
it, And we found that the Fire began to go out firſt at the top 
and outſides of the Coals ; but inwards and near the bottom 
the Fire continu'd viſible for above half an hour, a great part of 
the Coals, eſpecially thoſe next the bottom, being burnt to 

aſhes before the Fire went out. 
| We causd likewiſe a piece of Tron to be forgd, of the bigneſs 
of a middle ſ1z'd Char-coal, and having made it red-hot through- 
out ; we causd it in the lately mention'd Wier, to be ſpeedily 
convey'd and ſhut up into the Receiver, being deſirous to try 
what would become of a glowing Body, by reaſon of its texture 
more vehemently hot than a burning Coal of the ſame bigneſs, 
and yet unlike to ſend forth ſuch copious and ſtifling Fumes : 
But we could not obſerve any manifeſt change upon the exſuc- 
tion of the Air. The Iron began indeed to loſe its fiery redneſs 
at the top, but that ſeem'd to be becauſe it was at the upper end 
ſomewhat more {lender than at the lower : The redneſs, though 
it were in the day-time, continued viſible about four minutes ; 
and then, before it did quite diſappear, we turn'd the Key of 
the Stop-cock, but could not diſcern any change of the Iron up- 
on the ruſhing in of the Air. Yet ſome little remainders of 
Wax that ſtuck to the Wier, and were turnd into Fumes by 
the heat of the neighbouring Iron, ſeem'd'to afford a more plen- 
titull, or at leaſt a much more expanded Smoke when the Air 
was ſuck'd out, than afterwards ; though allowance was made 
for the decreaſing heat of the Iron. And laſtly, notwithſtanding ©. 
a conſiderable exſuction of the ambient Air, though not by far 
ſo great a one as might have been made by the Engine; and 
notwithſtanding the inconſiderable diſſipation of the parts of the 
| G 2 Iron ; 
* ; 
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Iron ; the ſurrounding fides of the Receiver were ſenſibly, and 
almoſt offenſively. heated by it-; infomuch that a pretty while 
after the Iron was taken out, the ſides of the Glaſs manifeſtly re- 
tain'd a warmth : which would not be unfit to be conſider by 
2 Perſon at more lealure than I ami now. 


EXPERIMENT :- XII 


Bei willing to try after this ſomething that would not che- 


rith much Fire at once, and would keep Fire much longer 
than a Coal : We took a piece of Match, ſuch as Souldiers uſe; 
of the thickneſs of a Man's little Finger, or ſomewhat thicker; 
and-this being well lighted at one end, was by a ſtring ſuſpen- 
ded with that end downwards in the: cavity of the Receiver 
which was immediately closd : And yet by that time it could 
well be ſo, the copious Fumes of the Match had near filld and 
darken'd the Receiver. Wherefore, leſt the Veſſel ſhould be 
endangerd, the Pump was nimbly ply'd, and a great deal of 
Air and Smoke mixt together was drawn out, whereby the Re- 
ceiver growing more clear, we could diſcern the Fire in the 
Match to burn more and more languidly : and notwithſtanding 
that by the diligence usd in pumping, it ſeem'd to have room 
enough allow'd it to throw out Fumes ; yet, after no Jong time, 
it ceasd from being; diſcernable either by its Light or its Smoke. 
And, though by that we were invited to ſuppoſe it quite extin- 
guiſhed, yet we continu'd. pumping a-while, in proſecution of 
another Experiment we were trying at the fame time : And 
this we did the more willingly, becauſe of a ſuſpicion, the Ex- 
periment about the Coals, might eaſily ſuggeſt, and which the 
event declar'd not to have been altogether groundleſs. For up- 
on the admiſſion of the external Air, the Fire, that ſeem'd to 
have gone out a pretty while before, did prefently revive ; and 
being as it were -refreſh'd by the new Air, and'blown by the 
"Wind made by that Air in ruſhing in, it began again to ſhine 
and diſſipate the neighbouring Fuel into Smoke as-tormally. 
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EXPERIMENT XII 


While after we let down into the Receiver together with 
A a lighted piece of Match, a great Bladder well tyed at the 
Neck, but very lank, as not containing actually much (it any 
thing) above a Pint of Air, but being capable of containing ten 
or twelve times as-much. © 

Our ſcope in this Experiment was partly.to try whether or 
no the ſmoke of the Match, replemiſhing the Receiver, would 
be able to hinder the dilatation of the inward Air, upon the ex- 
ſuction of the ambient : And partly.to diſcover whether the ex- 
tinCtion:of the Fire in the Match did proceed from want of Air; 
or barely from the preſſure of its own Fumes, which tor want 
of room to expand themſelves in, might be ſupposd to recoyl 
upon the Fire, and ſo to ſtifle it. 

The event of our tryal was, That at the beginning of our 
pumping the Match appeard well lighted, though it: had al- 
moſt filld the Receiver with its plentifull Fumes : But by. de- 
grees it burnt more and more dimly, notwithſtanding, that by 
the nimble drawing out the Air and:Smoke, the Veſſel were 
made leſs opacous, and. leſs.full of compreſſing matter ; as ap- 


- peard by this, That the longer we pump'd, the leſs Air and Smoke 


came out of the Cylinder at the opening of the Valve, and con- 
ſequently the leſs came into it before; yet the Fire in the Match 
went but ſlowly out. And when afterwards, to fatisfy our 
ſelves of its expiration, we had darken'd the Room, and in 
vain endeavoured to diſcover any ſpark of Fire, ( as we could 
not for ſome time before by the help of Candles diſcern the leaſt 
riſing of Smoke,) we yet continued pumping ſix or ſeven times ; 
and after all that, letting in the Air, the ſeemingly dead Fire 


quickly revived, and manifeſted its recovery by Light and ſtore | 


of Smoke, with. the latter of which it quickly began to re- 


Plenith the Receiver. Then we fell to prmpang atreſh, and conti- 


nued that labour-ſo long, till the re-kindled Match went out again : 
and thinking it then fit not to ceaſe from pumping ſo ſoon as 
before, we tound that in lefs than halt a quarter of an hour the 

Fire 
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Fire: was got out for good and all, and paſt the poſſibility of be- 
ing recoverd by the re-admitted Air. 


Some Circamſtances, befides thoſe already mention'd , oc- 
curr'd in the making of the Experiment, of which theſe are the 
principal. | 

Firſt, When the Receiver was full of Smoke, if the Cylinder 
were emptied, immediately upon the turning of the Stop-cock, 
the Receiver would appear manifeſtly darken to his eye that 
look'd upon the light through it : and this darkneſs was much 
leſs when the Receiver was much leſs filld with Fumes : It was 
alſo inſtantaneous, and ſeem'd to proceed from a ſudden change 
of place and ſituation in the exhalations, upon the vent ſudden- 
ly aftorded them and the Air they were mixt with, out of:the 
Receiver into the Cylinder. 

The next thing we obſerved was, a kind of Z7alo that ap- 
pear'd a good while about the Fire, and ſeem'd to be produced 


by the ſurrounding Exhalations. | 


And laſtly, it is remarkable, That even when the Fumes 


ſeemed moſt to repleniſh the Receiver, they did not ſenſibly 


hinder the Air included in the Bladder from dilating it ſelf after 


the ſame manner (for ought we could diſcern) as it would have 


otherwiſe done : So that before the Fire or the Match was quite 
extinct, the Bladder appear ſwell'd at leaſt to ſix or ſeven times 
its former capacity. 

Since the writing of theſe laſt Lines, we took a ſmall Recei- 
ver, capable of containing ( by gueſs ) about a pound and a 
half of Water; and in the midſt of it we ſuſpended a lighted 
Match, but though within one minute of an hour (or there 
abouts ) from the putting in of the Match, we had cemented 
on the Cover, yet we could not make ſuch baſte, but that be- 
fore we began to pump, the Smoke had ſo filld that ſmall Re- 
ceiver, as tor ought we diſcern'd, to choke the Fire. And ha- 
Ving again and again reiterated the Experiment, it ſeem ſtill 
as at firſt, that we could not cloſe up the Veſſel, and pump out 
all the Fumes time enough to reſcue the Fire from extinCtion, 
whereupon we made uſe of this Expedient : Aſſoon as we _ 
pump 
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pump'd once or twice, we ſuddenly turnd the Key, and'there- 
by gave acceſs to the excluded Air, which ruſhing violently in, 
Is it it had been forced thorow a pair of Bellows, did both drive 
away the aſhes, fill the Glaſs with freſh Air, and by blowing 
the almoſt extivguiſh'd Fire, re-kindld it, as appeard by the 
Matches beginning again to ſmoke, which betore it had ceasd 
to do; we having by this means obtained a lighted Match in 
the Receiver, without being reduced to ſpend time to cloſe it 
up, commanded the Air to be immediately pump out, and 
found that upon the exſuftion of it, the Match quickly left ſmo- 
king, as it ſeem'd, by reaſon of the abſence of the Air ; and 
yet if ſome urgent occaſions had not hinder'd us, we would for 
greater ſecurity have try'd, whether or no the Match rekindled 
as formerly, would ſmoke much longer, in cafe of no exſuQtion 
of the ambient Air. | 


EXPERIMENT XIV. 


O try diverſe things at once, and particularly whether 
Fire, though we.tound it would not long laſt, might 
not be produced in our evacuated Receiver : We took a Piſtol 
of about a foot in length, and having firmly tyed it to a ſtick 
almoſt as long as the Cavity of the Receiver, we very carefully 
prim'd it' with well dry'd Gunpowder, and then cocking it, we 
tyd to the Tricker, one end of a ſtring, whoſe other end was. 
faſten'd to the Key formerly mention'd to belong to the Cover- 
of our Receiver. This done, we convey'd the Piſtol, together 
with the annexed Staff, into the Veſſel which being closd up, 
and emptyd aſter the uſual manner, we began to turn the Key 
in the Cover; and thereby ſhortning the ſtring that reach'd from 
it-to the Piſtol, 'we pull'd afide the Tricker, and obſerv'd,: that 
according to our expectation the force of the Spring of the Lock 
was not ſenſibly abated by the abſence of the Air : (from whoſe: 
impetus yet ſome Modern Naturaliſts would derive the cauſe of 
the motion of Reſtitution in ſolid, Bodies Y'For'the Cock falling 
with its wonted violence upor' the Steel, ftruek'out of itas ma- 
ny, and as conſpicuous parts of Fire, as, for ought we could 
perceive, 
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perceive, it would have done in the open Air. Repeating this 
Experiment diverſe times, we alſo obſerved whether or no there 
would appear any conſiderable..diverſity in the Motion of the 
ſhining Sparks in a place where the remaining Air was ſo much 
rarefjed, but could not perceive but that they moved ſome of 
them upwards, as well as ſome of them downwards, and ſome 
of them ſide-ways, as they are wont to do, when upon ſuch 
colliſions they fly out in the open Air. 
We likewiſe caus'd a piece of Steel to be made of the form 
and bigneſs of the Flint, in whoſe place we put it, and then the 
Piſtol being cock'd and conveyed into the Receiver, the Tricker 
was pull'd after the Air was drawn out : And though the place 
were purpoſely ſomewhat darken'd, yet there appear'd not up- 
on the ſtriking of the two Steels againſt each other the leaſt 
ſpark of Fire : Nor did we expect any ( having before in vain 
attempted to ſtrike Fire this way in the open Air) though we 
thought fit to make the Experiment, to undeceive thoſe who 
tancy in rarefied Air, IT know not what ſtrange diſpoſition; to 
take fire upon a much ſlighter occaſion than-this Experiment 
afforded. We have indeed found, that by the dextrous Colli- 
ſion of two harden'd pieces of Steel, ſtore of ſparks may be 
ſtruck out : But that was done with ſuch vehement percuilion 
of, the edges of the two Steels, as could not well be compaſs'd 
in our Receiver. | | 1: 72 
. But the. chief thing we deſign'd to doe with our Piſtol, was, 
[To obſerve whether Gun-powder would take Fire in our empty'd 
and cloſely ſtop'd Glaſs > Whether the expanſion of the Flame 
would be conſiderably varied by the abſence of ſo much of the 
ambient Air as was drawn-out of the Receiver 2 and. whether 
the Flame would diffuſe it ſelf upward, as it is wont, notwith- 
ſtanding its not having about it. the uſual proportion of Air to 
force itup? And though moſt of our Attempts to fire the Gun- 
powder in:the Pan of the,Piſtol ſucceeded not, becauſe we were 
tain to-let it hang almoſt perpendicular in the Receiver, where- 
by the Powder-was ſhaken-down before the ſparks could reach 
4t : yet once the Experiment ſucceeded, and the kindled Powder 
ſeem'd 
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ſeem'd tomake a more expanded Flame thanit would havedone 
in the open Air, but mounted upwards according to its:wont, 
whether by reaſon of thar little portion of. Air,, which in ſpight 
of our pumping remained; .in the Receiver, : or, for- any -other 


| cauſe; we have not now: the leaſure to:conſider. But we muſt 


not forget, that upon the extinCtion of the Flame the Receiver 
appeard darken'd with ſmoke, which ſeemd to move treely up 
and down, and upon the letting in the Air at the Stoprcock. be- 
gan to circulate much taſter than betore. We would haye made 


more obſervations concerning this Flame, .but that of two or 


threeattempts we afterwards made to repeat the kindling of the 
Powder, not any one ſucceeded; and we have not theleaſure ts 
dwell long upon one kind of Trials.  -, WE. 


EXPERIMENT XV. 


"* O theſe Experiments concerning Fire we added another, 
which though it ſucceeded not, may perhaps without 
impertinency ke recorded: partly, becauſe that (as we have in 
another Treatiſe amply declar'd) it is uſefull. to recite what 
Experiments miſcarry as well as ſucceed. And partly alſo, be- 
cauſe it is very poſſible that what we endeavoured in vain, may 
be pertormed by Your Lordſhip, or fome other Yertuoſo that 
ſhall have ſtancher Teſſels than we had, and more Sunny days 
than the preſent Winter allows us. | 

We convey then into one of our ſmall Receivers a piece © 
matter combuſlible, dry and black (experience declaring things 
of that colour to be moſt eaſily kindled) and caretully cloſing 
the Veſſel, we brought it to a Window at which the Sun, not 
very far from the Meridian, ſhone in very freely : then drawing 
out the Air with ſpeed we united the Sun-beams with a Burning- 
glaſs upon the combuſtible matter, which began immediate- 
ly to ſend forth a ſmoke that quickly darkned the Receiver, 
but notwithſtanding all our care and diligence the-external 
Air got in ſo faſt, that after divers trials we were fain to leave 
off the Experiment in that Glaſs, and induc'd to make trial of 
it 1n our great Receiver. 
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(50) 
-” Having then after ſome difficuky lodg'd the combuſtible mar. 
ter in the cavity of this Veſſel in ſuch manner, as that it was al. 
moſt contiguous to that ſide thereof that was next the Sun, we 
did endeavour with a pretty large Burning-glaſs to kindle it, but 
found, as we fear'd,'. That, by reaſon of the' thickneſs of the 
Glaſs, (which was alſo of a leſs pure and leſs Diaphanous matter 
than the other) the Sun-beams thrown in by the Burning-glaſs, 
were in their paſlage ſo diſlocated and ſcattered (not now to 
mention thoſe many'that being refle&ed,” couid not pierce into 
the cavity of the Receiver) that we could not poſlibly unite 
enough of them to kindle the matter, nor fo much as to make 
it ſenfbly ſmoke. Yet we hope that the ſeeing whether Bodies 
(other than Gum-powder) may be. kindled, and what would 
happen to them when ſet on -fire, in a place in great meaſure de- 
voldof Air, may prove ſo Lucilerousan Experiment, that when 
the Seaſon is more favourable we ſhall, God permitting, make 
farther trial of it, and acquaint your Lord{inp with the Event, 
If it prove proſperous. Tn the mean time we ſhall pais on toother 
Experiments, as ſoon as we have advertisd Your Lordſhip that 
we have forborn to make ſuch Reflexions upon the ſeveral Expe- 
riments we have ſet-down concerning Fire, as the matter would 
have eaſily afforded, and Yqur Lordſhip may perhaps have ex- 
pected. But I 'made the leſs ſcruple to forbear the annexing of 
Speculations to theſe Recitals, becauſe Carneades and Eleutherius 


. have in ſome Dialogues concernitig Heat and Flame, (which 


were laft year ſeen by ſome- Friends, and may be, when you 
pleaſe, commanded by- You,) mention'd divers of my Thoughts 
and Experiments concerning Fire, | 


__ EXPERIMENT XVE 
E deſigned to try whether or no divers Magnetical Expe- 
y y riments would exhibit any unuſnal Phenomena, being 
made in our Evacuated Receiver inftead of the open Air: Bur 
tor want of leaſure and conveniency to-proſecute ſuch Trials, 
we were induced to reſerve the reft for another time, and to 


content our ſelves with making that which follows. We _ 
| vey 
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11 into the Receiver 4 little Pedeſtal of Wood, in the mid 
of which was- perpendicularly creed. 2 ſlender Iron, upon 
whoſe ſharp: point-an excited Needle of Steel. purpoſely made; 
and of about five Inches long,: was: fo placed, that hanging in 
an Zquilibrium't evakÞmove treely towards either hand.'Then 
the Air being aſter the uſual manner pumped out, we apply'd a 
Load-ſtone moderately'vigorous to the outſide of the Glaſs, and 
found that it mts or repell'd the ends of the Needle, ac- 
cording' ro'the Laws Mapreetical,” without any remarkable dif- 
ference from whar the ſame TLoad-ſtone would have:done,” had 
none of the Air been drawn away from about the Needle, which, 
when the Load-ſtone was removed, after ſome. tremulous Vi- 
brations to and fro, reſted in. a poſition, wherein it look'd 
North and South, "7 | he 


2 EXPERIMENT XVII. 
Roceed we now to the mention of that Experiment, where- 
=. of the fatigfaCtory trial: was the principal fruit I promisd 
my ({&!f fromour Engine, It being then fufficiently known, that, 
in the Fperiment Des Yace;. the 'Quick-filver: in the Tube is 
wont to reraain elevated, above the ſurface i of that whereon it 
leans, about 27 digits: I conſidered, that, if the trueand only rea- 
fon why the Quick-lilver falls no lower, be, that at that Altitude, 
the Mercurial Cylinder in the Tube'is in an Zquilibrium with 
the Cylinder 'ot Air; ſupposd to” reach from the adjacent Mer- 
cury to the top of the Armoſphere: then if this Experiment could 
be try'd out of the Atmofphere, the Quick-filver in the Tube 
would fall down to a level with that in the Veſſel, ſince then 
there would be no preſſure upon the ſubjacent, to reſift the 
weight of the Incumbent Mercury. Whence inferr'd (aseafily 
I might) that if the Experiment could be try'd in our Engine, the 
JR would ſubſide below 2.7 Digits, in proportion to the 
exlyCtion of Air, that ſhould be made outof the Receiver. For, 
as when the Air is ſhut into the Receiver, it doth (according to 
what- hath aboyg been taught) continue there as ſtrongly com- 
preſs'd, as it did whilſt all the incumbent Cylinder of the Ar- 
H 2  moſphere 
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(52) 
moſphere lean'd immediately upon it; becauſe the Glaſs, where- 


n it is: pen'd up, hinders 1t-to-deliver it felf,: by an expanſion 


of its parts, from the preſſure wherewith it was ſhut up. So if 
we could perte&tly-draw-the Air out of the Receiver, it would 
conduce:as well to our purpoſe,”as if we were allow'd to try the 
Experiment beyond the Atmoſphere. 4 

Wherefore (after having ſurmounted ſome little difficultics 
which occurrd at the beginning) the Experiment was made after 
this manner. 'We took a flender'and very curiouſly. blown Cylin- 
der.of- Glaſs, of near three foot'in-length,; and whoſe bore had in 
Diameter a quarter of an Inch, wanting a hairs breadth : This 
Pipe being; Hermetically ſeal'd at one end, was, at the other, fill'd 
wath Quick-ſilver, care being taken inthe; filling, thatas tew bub- 
blesas was poſſible ſhould be left in the Mercury : Thenthe Tube 
being ſtopt with the Finger and inverted, was open, according 
to the manner of the' Experiment, into a ſomewhat long and 
flender Cylindrical Box (inſtead-of which we now are wont to 
uſe a Glaſs of the fame form) half filfd with Quick-filver: And 
ſo,: the liquid metal being futtered to'tublide, and a piece of P4r 
per being. paſted-6n-level with: its. upper ſurface, the Box: and 
Tube andal-were by 1trings carefully let down into the Recet- 


ver: And then;: by means of the hole formerly mentioned to be 


kft in the Cover, - the-ſaid Cover-was ſlipt along as much of the 
Tubeas reached abaye the:top of the Receiver ; And the Inter- 
val, left betwixt the:fides of; the-Hble and thoſe of the Tube; was 
very exquiſitely filled up with melted (but not over hot) Dia-*>, 
chylon, and the round chink; berwixt the Cover and the Recei- 
ver, was likewiſe very: caretully cloſed up : Upon which. elo- 
ſure there appearedinot any. change inthe heighs of the Mercur 
rial Cylinder:;-no more, than tf; the 4nterpaigd Glaſs Receiver 
did not hinder the immedate- preffure of the ambient Atmoſ- 
phere upon the incloſed Air ; which hereLy, appears to bear: upon 
the Mercury, rather by virtue of; its:ſpring.; than of its weight : 
ſince its weight cannot be ſuppoſeti to; aingiint, toj above; ;twg or 
three Ounces, which is incanlſideravle: hn eompariſon! of i fuch a 
Cylnder of Mercury as it would keep from ſubfiding.. ! oh 
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_ + All thinggbeing thus in a. readineſs, 'the Sucker was drawn 
down; and, immediately upon the egreſs of aCylinder of Air out 
of the Receiver, the Quickſilver in the Tube did, according to 
expats tion, ſubſide: And notice being carefully taken(byamark 
faſtened to the outſide) of the place where it ſtopt, we cauſed him -- 
that managed the Pump to pump again, and marked how low the 
Quick-ſilver fell at the ſecond exſuftion; but continuing this 
work, we werequickly hindred from accurately marking the Sta- 
ges made by the Mercyry.to its deſcent, becauſeit ſoon ſunk below 
the top of the Receiver, ſo that we could henceforward mark it 
no other ways than by theeye. And thus, continuing the labour 
of pumping tor atout a quarter of an hour, we found our ſelves 
unable to bring the Quick-ſilyer in the Tube totally to ſubfidez 
becauſe, when the Receiver was conſiderably emptyed of its Air, 
and conſequently that little that remained grown unable to reſiſt 
the [rruptibn of the External, that Air would (in ſpight of what- 
ever we could doe) preſs in at ſome little Avenue or other ; and 
though much could not thereat get in, yet a little was ſufficient 
to counterballance the preſſure of ſo ſmall a Cylinder of :Quick- 
ſilver, as then remained in the Tube. - _ .... . LT 
Now (toſatisfy our ſelves farther, that the falling of the Quick- 
filver in the Tube to a determinate height, proceedeth from the 
AEquilibrjium,wherein it isat that height with rhe external Air,the 
.one gravitating, the other preſſing withequal force upon the ſub- 
Jjacent Mercury) wereturned the Key and let in ſome new Air; up- 
.on which the Mercury immediately began toaſfcend (or rather to 
be impelled upwards) in the Tube, and continued aſcending, till 
having returned the Key.,it immediately reſted atthe height which 
it had thenatrained :, And fo, by turning and returning the Key, 
wedid ſeveraltimesat pleaſure impell it upwards, and check its af- 
cent. And laſtly, having givena freeegreſsat theStap-cock to as 
much of the external Airas would come.in, the Quick-ſilver was 
Iimpelled upalmoſt ro its firit height: I fay almoſt, becauſe it ftopt 
near a:quarter of an [nch bEneath the Paper mark formerly men- 
tioned; , which weaſcri:ed to this, That there was (asis uſual in 
this Experiment) ſome luttle Particlesof Air engaged among =_- 
Tony H 3 0 
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6f the Quick-filver - which Particles, upon the deſcent of the 
Qiick-ſilver, did manifeſtly riſe up in bubbles towards the top of 
tit Tube, andby their preflure, as wellas by tkeflening the Cylin- 
der'by ismuchroom as they formerly tookup in it, hingred rhe 
Quick-filver from regaining its firſt height. | 

This Experiment wasa few days after repeated inthepreſence 
of thoſe excellent and defervedly Famous Mathematick Profef: 
ſors, Dr. Wallis, Dr. Ward, and Mr. Wren, who were pleaſed to 
honour it withtheir Preſence: And whom Tname, ' both as juſt. 
ly-counting it an Honour to be known to'them, -and as being 
glad of ſuch Judicious and illuſtrious Witneſſes of our Experi- 
ment; and 'twas by their gueſs, that the top of the Quick-filver 
in the Tube was defined to be brought withun an Inch of the ſur- 
face of thar in the Veſſel. 2 : 5 ts 
'- And here, for the Illuſtration of the foregoing Experiment, 
it will not be amiſs to mention ſome other particulars relating 
to 1t. 

Firſt then, When weendeayoured to make the Experiment with - 
the Tube cloſed at one end with Dzachylon inſtead of an Herme- 
tical Seal; we perceived, that upon the drawing of ſ6me of the 
Air outof the Receiver, the Mercury did indeed begin to fafl, but 
continued afterwards to ſubſide, though wedid not continue pum- 
ping. When it appeared, that though the Dzachylon that ſtopt the 
end of rhe Tube, were ſo thick and ſtrong, that the external Air 
could not preſs it in (as experience taught us that it would have 
done, if there had been but little of it) yet the ſubtler parts of it 
were able (though ſlowly) to inſinuate themſelves through the 
very body of the Plaiſter, which it ſeems was not of fo cloſe a 
Texture; as that which we mentioned our ſelves to have ſuc- 
cefsfully made uſeof in the Experiment De Yacuo ſome years ago. 
So that now webegin to ſuſpet, that perhaps one reaſon, why 
we cannot perfettly pump out the Air, may be, that when the 
Veſſl is almoſt empty, ſome of the fubtler parts of the exter- 
nal Air may, by the preſſure of the Atmoſphere, be ſtrained 
through the very body of the Dzachylor into the Receiver. But 
this is only conjecture. 

Another 


7 ER » 

- Another Circumſtance of our Experiment was this, That, if 
(when the Quick-ſilver in the Tube was fallen low) too much in- 
greſs were, at the hole of the Stop-cock, ſuddenly permitted to 


theexternal Air; it would ruſh in with that violence, and bear fo 


forcibly upon the ſurface of the ſubjacent Quick-ſilver, that it 
would impell it up into the Tube rudely enough to endanger the 
breaking ot the Glaſs. 

We tormerly mention, that the Quick-ſilver did not in its 
deſcent fall asmuchat a time after the two or three firſt exfuctions 
of the Air, as at the beginning. For, having marked its ſeveral 
Stages upon the Tube, we tound, that at the firſt ſuck it deſcended 
an Inchand 3, and at the ſecond an Inchand 3; and when the Veſ: 
ſel wasalmoſt emptied, it would ſcarce at one exſuCtion be drawn 
down above the breadthof a Barly-corn. And indeed we found it 
very difficult to meaſure in what proportion theſe decrements of 
the Mercurial Cylinder did proceed : Partly becauſe (as we have 
already intimated) the Quick-filver wasſoon drawn below thetop 
of the Receiver; and partly becauſe, upon its deſcent at each ex- 
ſuction, it would immediately re-aſcend a little upwards; either 
by reaſon of the leaking of the Veſſel at ſome imperceptible 
hole or other, or by reaſon ot the motion of reſtitution in the 
Air, which, being ſomewhat compreſſed by the fall as well as 
weight of the Quick-ſilver, would repell it a little upwards, 
and make it vibrate a little up and down, . before they could 
reduce each other to ſuch an /Zquz/ibrium as both might reſt in. 
But though we could not hitherto make obſervations accurate 
enovgh concerning the meaſures of the Quick-ſilyer's deſcent, 
to reduce them into any ZAypothefis, yet would we not di: 
courage any from attempting it ; ſince, if it could be reduc'd 
to a certainty, tis probable that the diſcovery would not be 
unuſetull. | 

And, toilluſtrate this matter a little more, we willadd, That 
we made a ſhift totry the Experiment in one of our above-menti- 
on'd ſmall Receivers, not containing a Quart ; but (agreeably 
to what we formerly obſerved) we found it as difficult to bring 
this tobe quite empty as to evacuate the greater; the leaſt _ 
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nal Air that could get in (and we could not poſſibly keep it all 
perieMly out) ſufficing in ſo ſmall a Veſſel to diſplay a conſ- 
derable preſſure upon the ſurface of the Mercury, and there- 
by. hinder that in the Tube from falling to a level with it. But 
this is remarkable, that having two'or three times-try'd the 
Experiment in a ſmall Veſſel, upon the very firſt Cylinder of 
Air that was drawn out of the Receiver, the Mercury tell in 
the Tube 18 Inches and a hali, and at another trial x9 Inches 
and a half. | | | 
But on this occaſion, I hold it not unfit to give your Lordſhip 
notice that I hopd from the deſcent of the Quick-filver 1n the 
Tube upon the firſt ſack, to derive this advantage: that I ſhould 
thence be enabled to give a near gueſs at the pryportion of torce 


-betwixt the preſſure ot the Air (according to irs various itates, as 


to Denſity and RarefraCtion) and the gravity of Qaick-tilver,than 
hitherto hath been done. For in our Experiment there are di- 
vers things given, that may be made uſe of towards ſuch a diſ- 
covery. For firſt we may know the capacity of the Receiver 


wherein the Experiment 1s made, ſince, by filling it with wa- 


ter, we may eaſily compute how many Quarts, or Meaſures of 
any other denomination, it containeth of Air ; which Air, when 
{hut up in the Veſſel may be ſuppos'd to have a preſſure equal to 
that of the Atmoſphere; ſince it is able to keep the Quick-ſilver 


1n the Tube from talling any lower than it did in the tree and 


open Air. Next here 1s given us the capacity of the braſs Cy- 
linder empty'd by the drawing down of the Sucker (its bore and 
height being mention'd in thexdeſcription of our Pump) where- 
by we may come-to know how much of the Air contain'd in the 
Receiver isdrawn out at the firſtſuck. And we may allo eaſily 
define, either in weight or cubick meaſures, the Cylinder of 
Quick ſilver that anſwers to the Cylinder of Air lately mention'd 


(that Mercurial Cylinder being in our Engine computable by de- 
ducting tromrhe entire altitude of thatCylinder of Quick-filver, 
the altitude at: which it refts upon the firſt exſuction.) But 


though, if this:Experiment were very watchtfully try'd in Veſ- 
fels ot ſeveral ſizes, and the various deſcents of the Quick-filver 
| com- 
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compar'd among themſelves, tis not improbable, that ſome ſuch 
things, as we hop'd for, may thereby be diſcovered. Yet be- 
cauſe not only the ſolid contents of as much of the Glaſs-tube as 
remains within the concave ſurface of the Receiver, and (which 
is-more difficult) the: varying contents of the Veſſel containing 
the Mercury, and of as much of the Mercury it ſelf as is not in 
the Tube, muſt be deduCted. out of the capacity of the Recei- 
ver, but there muſt alſoan allowance be made for this, that the 
Cylinder.that is empty'd by the drawing down of the Sucker, 
and comes to be filld 'upon the letting of the Air out of the Re- 
ceiver into it, is not fo repleniſh'd with Air as the Receiver it 
ſelf at firſt was : becauſe there paſſeth no more Air out of the 
Receiver into the Cylinder, than is requiſite to reduce the Air 
inthe cavity of the Cylinder, and in that of the Receiver to the 
ſame meaſure of dilatation. Becauſe of theſe (I fay) and ſome 
other difficulties that require more skill in Mathematicks than I 
pretend to, and much more leaſure than my preſent occaſions 
would allow me, I was willing to refer the nicer conſideration of 
this matter to ſome of our Learned and accurate Mathematici- 
ans, thinking it enough for me to have given the Hint already 
fuggelſted. | 
For farther confirmation of what hath been delivered, we like- 
wiſe tried the Experiment in a Tube of leſs than two foot long: 
and, when there was ſo much Air drawn out of the Veſlel, that 
the remaining Air was not able to counterballance the Mercurial 
Cylinder, the Quick-filver in the Tube ſubſided fo viſibly, that 
(the Experiment being try'd in the little Veſſkl lately mention'd) 
at the firſt ſuck it fell above a ſpan, and was afterwards drawn 
lower and lower for a little while; and the external Air being 
let in upon it, impelld it upagain almoſt to the top of the Tube : 
So little matters it how heavy or light the Cylinder of _- 
ſilver to ſubſide is, provided its gravity overpower the preſſure 
of as much external Airas bears upon the ſurface of that Mer- 
cury into which it is to fall. 
Laſtly we alſo obſervd, That if (when the Mercury in the 
Tube had been drawn down, and by an Ingreſs permitted to the 
| I Exter- 
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external Air, impel[d up again to its former height) there were 


ſomemore Air thruſt up by the help of the Pump into the Re- 


ceiyer, the Quick-ſilver in the Tube would aſcend much above 
the: wobted height of 27 digits, and immediately upon the 


ktting'out of 'Yhat Air would fall again to the height it reſt- 


&d at before. Fr 
Your Lordſhip will here perhaps expe, that as thoſe who 


have treated of the 7orrice/zan Experiment, have for the moſt 
part maintained the Affirmative, or the Negative of. that. fa- 
mous Queſtion, Whether or no that Noble Experiment infer a 
FYacuum ? fo I ſhould on this occaſion interpoſe .my Opinion 
touching that Controverſie, or at leaſt declare whether or no, 
in our Engine, the exſuQtion of the Air do prove the place de- 
ſerted by the Air ſuck'd out, tobetruly empty, that 1s, devoid 
of all Corporeal Subſtance. But beſides, that I have neitherithe 
leaſure, nor the ability, toenter into a ſolemn Debate af: ſo nice 
a Queſtion; Your Lordſhip may, if you think it worth the 
tronble,. in the Dialogues not long ſince reterr'd to, find the 
Difficulties on both ſides repreſented; which then made me.yield 
but a very wavering aſſent to either. of the parties contending 
about the Queſtion: Nor dare I yet take upon me to determine 
ſo difficult a Controverſie. | 

For on the one fide it appears, that notwithſtanding the exfuc- 
tionof.the Air, our Receiver may not be deſtitute of all Bodies, 


{inceany thing placedin it, may be ſeen there; which would not ' 


be, if it were not pervious to thoſe beams of Light which re- 
bounding from the ſeen Object to our eyes, affect us with the 
fenſeof it: And that either theſe Beams are Corporeal Emana- 


 tzons from ſome lucid body, or elſe at leaft, the light they: con- 


vey doth reſult from the brisk motion of ſome ſubtle Matter, I 
could, if I miſtake not, ſufficiently manifeſt out of the Dia- 
logues above-mention'd, if I thought Your Lordſhip could ſeri- 
ouſly imagine that Light could be convey'd without, at leaſt, 
having, (it I may ſo ſpeak) a Body for its Vehicle. : .._ . 
By the ſixteenth Experimcnt, 1t aiſo appears that the eloſc- 


neſs of our Receiver hinders it not from admitting the Effluvia 
of 


ſo that upon the exſu&ion of the Air, the large ſpace deſerted 
© by it, may remain empty, notwithſtanding the pretence of thoſe 
-” |: ſubtle Corpuſcles, by which Lucid and Magnetical Bodies pro- 
S, > dqucetheireffetts. - 


bt fs And as for the Allegations above mention'd, they ſeenvd to 
-” > prove but that the Receiver devoid of Air, may be repleniſh'd 
& - with ſome Etherial matter, as fome Modern Naturaliſts write 
4 of but not that it really # fo. And indeed to me it yet feems, 
1- _ that as to thoſe ſpaces which the Yacuifts would have tobe emp: 
I >: ty, becauſe they are manifeſtly devoid of Air; and all he # 


Bodies the Plenifts (if T may fo call them) do not prove that 
ſuch ſpaces are repleniſh'd with ſuch a ſubtle matter as they 
» | fpeakof, by any ſenſible effe&s, or operations of it (of which 

; divers new Trials purpoſely made, have not yet ſhewn me any) 
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-- > butonſyconclude that there muſt be ſuch a Body, becauſe there 
2 '! cannotbea Void. And the reaſon why there cannot be a Void, 
2: 8 a: being 


— 


EL eS Prnnnnn— nero cnt ern. 


— w_ 
——__—_—d— en 


— b CES ==— > === INE CCDEETC CEE IEICE TIES IEYo=——_——N PC ——— 
= = —_ — _—_- = = . =: . L < 8 
CISEN —_— : - = p - < —= ——— - — 
DEER: = EE = "= = = EE: —: = DE = = IC EE EI — r_ 
_ ==: WE === == = y — == = 
ern rgn -n —_———————_—_——_— gs _ 


Sh= Ln 
tonne = mo 


(60) 


being by them taken, not from any Experiments, or Phexome. i 


#a of Nature, that clearly. and particularly prove their Z7ypo- 
thefis, but from their notion of a Body, whoſe Nature, accor- 
ding to them, conſiſting only inextenſion (whichindeed ſeems 


the property moſt eſſential to, becauſe inſeparable from a Body) 


to ſay a ſpace devoid of Body, 1s to ſpeak in the Schoolmens 
Phraſe, a Contradi&tion 2x Adjetto. This reaſon I fay, being 
thus deſum'd, ſeems to make the Controverſie about a Yacuum, 
rather a Metaphyſical, than a Phyſiological Queſtion ; which 
therefore-we ſhall here no longer debate, finding it very difficult 
either to ſatisfie Naturaliſts with this Carteſian Notion of a Bo- 
dy, or to manifeſt wherein it is erroneous, and ſubſtitute a bet- 
ter in its ſtead. 1-3 

But though we are unwilling to examine any: farther the Infe- 
rences wont to be made from the Torrice/zan Experiment, yet 
we think itnot impertinent to preſent Your Lordſhip with a 
couple of Advertiſements concerning it. 

Firſt, thenif intryingthe Experiment here or elſewhere, you 
make uſe of the Exzg/i/h meaſures that Mathematicians and Tra- 
deſmen are here wont toemploy, 'You will, unleſs you be fore- 
warnd of it, beapt to ſuſpect that thoſe that have written of the 
Experiment have been miſtaken. For whereas men are wont 
ont to talk of the Quick-ſilver's remaining ſuſpended at the 

eight of between ſix or ſeven and twenty Inches; we common; 
Iy obſerved, when divers years ſince we firſt were folicitous 
about this Experiment, that the Quick-filver in the Tube reſted 
at about 29 Inches and a half above the ſurface of the Reſtag- 
nant Quick-filver in the Veſſel, which did at firſt both amaze 
and | — ana us, becauſe-though we held it not improbable that 
the difference of the groſſer Ezg/iſh Air, and that of 7taly and 
France, might keep the Quickſilver from falling quite as low in 
this colder, as in thoſe warmer Climates; yet we could not be- 
heve that that difference in the Air ſhould alone be able to make 
fo great an one in the heights of the Mercurial Cylinders; and 


accordingly upon enquiry we found, that though the various 


denſity of the Air be not to be over-looked in this Experiment, 
yet 
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vet the main Reaſon why we found the'Cylinder of Mercury 
to conſiſt of ſo many Inches, was this, That our Exg/i/h Inches 
are ſomewhat inferiour in length to the digits madeuſe of in Fo- 

/reign Parts, by the Writers of the Experiment. 
The next thing I deſire Your Lordſhip to take notice of, is, 
That the height of the Mercurial Cylinder isnot wont to be found 
altogether ſo great as really it might prove, by reaſon of the 
negligence: or incogitancy of molt that make the Experiment. 
For oftentimes upon the opening of the inverted Tube into the 
Veſſetd Mercury, you may obſerve a bubble of Air to aſcend 
from the bottom of the Tube. through the ſubſiding Quick-fil- 
ver to the top; and almoſt ome you may, if you look nar- 
rowly, take notice of a multitude of ſmall bubbles all along the 
inſide of. the Tube.betwixt the Quick-filver and the Glaſs: (not 
now to mention the Particles of Air that lie concealed in the ve- 
ry Body of the Mercury) Many of which, upon the Quick- 
ſilver torſaking the upper part of the Tube, do break into that 
deſerted ſpace where they find little or no reſiſtance to their ex- 
panding of themſelves. Whether this be the reaſon that upon 
the Application of warm Bodies to the emptied part of the Tube, 
the ſubjacent Mercury would be depreſſed ſomewhat lower, we 
ſhall not determine; though it ſeem very probable, eſpecially 
ſince we found, that, upon the application of Linnen cloaths 
dipped in Water, to the fame part of the Tube, the Quick-fil- 
ver would ſomewhat aſcend; as if the cold had condenſed the 
impriſoned Air, (that preſſed upon it,) into a lefler room. Burt 
that the deſerted ſpace is not wont to be totally devoid of Air, 
we were induced to think by ſeveral Circumſtances. For when 
aneminent Mathematician, and excellent Experimenter, had ta- 
ken great pains and ſpent much time in accurately filling up a 
Tube of Mercury, we found that yet there remained {ſtore of 
inconſpicuous bubbles, by inverting the Tube , letting the 
Quick-ſilver fall to its wonted height ; and by applying (by 
degrees). a red. hot Iron to the outſide of the Tube, over a- 
gainſt the upper part of the Mercurial Cylinder, (for hereby 
the little unheeded bubbles, being mightily expanded, aſcended 
F 1n 


(65) 
in fch nombers ard { aſt ro the Jeſerrd pubs, that they 
per part of the Quick-ſilver ſeemed, to! atjy wonder, to'Hoit.) 
We farther obſerved, That in'the' trials! the7Yrite 7h Fx. 
periment we have ſeen made by others, and '('one excepted) 
all our own, we never found that upon the inclining of the 
Tube the Quick-ſilver would fully reach to the very top of 
the ſealed end: Which argped, i that there ' was ſome Air re- 
treated thither that kept the Mereury out of the unreplke- 
niſhed ſpace. I TO I IBIQY CIEIT C410, 70) 1 


It Your Lordſhip ſhould now demand whatare the beſt expe: - 


dients to hinder the intruſion of the Air in this Expettment; we 
muſt anſwer, That of thoſe which are eaſily intelhgible with- 
out ocular demonſtration, we caj/at prefent ſuggeſt; upon'our 
own trials, no better than theſe- 'Firſt;,” at the-open end of” the 
Tube the Glaſs muſt not only be made as even at the edges as 
you can, but it is very convenient (eſpecially if the Tube be 
large) that the bottom be every way bent inwards, that'fo the 
Orttice, not much exceeding a quarter-of ar Inch in Diameter, 
may be the more eaſily and exactly ſtopped by the Experimen- 
ters finger; between which and the Quick-ſilver, that 'there 
may be no Air intercepted (as very often it happens that there is) 
it is requiſite that the Tube be filled as full as poſſibly i-can be, 
that the finger which is to ſtop 1t, preſſing upon the accumala- 
ted and protuberant Mercury, may rather throw down ſome, 
than not find enoughexaCtly to keep out the Air. ' It is alſo an 
uſefull and compendious way not to fill the Tube at firſt quite 
of Mercury, but to leave near the topabout a quarter of an Inch 
empty; for if you then ſtop the open end with your finger, 
and invert the Tube, that quarter of -an-Inch of Air will afcend 
in a great babble to the top, and in its paſſage thither, will ga- 
ther upall the little bubbles, and uniterhem with ir ſelf into one 
great one; ſorhat if by remverting the Tube, you let that bub- 
ble return to the open-endof it, you will have a much cloſer 
MercuriaF Cylinder than before,;and'ntedbur toadd a very lttle 
Qiick-ſilver more tofill up the Tube exactly. And laftly, 'as fot 
thoſe leſſer and inconſpicuous parcels of Air which cannot this 

way 
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way begleariedup, You may endeavour before you invert the 
Tube, to free the Quick-filver from them by ſhaking the Tube, 
and gently knocking on the outſide of it, after every little par- 
cel of Quick-lilver which you pour in; and afterwards, by for- 
cing the ſmall latitant bubbles of Air to diſcloſe themſelves and 
break, by imploying a hotIron in ſuch manneras we lately men- 
tioned. I remember that by carefully filling the Tube, though 
yet it were not quite free from Air, we have made the Mer. 
curial Cylinder reach to 3o Inches and above an eight, and this 
ina very ſhort Tube: which we therefore mention, becauſe we 
have found, by Experience, that in ſhort Tubes a little Air is 
more prejudicial to the Experiment than inlong ones, where the 

-Air having more room to expand it ſelf, doth leſs potently preſs 
upon the ſubjacent Mercury. 

 Andiſince wearefallenupon the conſideration of the Altitude 
of the Mercurial Cylinder, I muſt not conceal from Your Lord- 
ſhip an Experiment relating thereunto, which perhaps will ſet 
both You and many of your Friends the Zerzuof: on thinking ; 
and,. by . diſcloſing ſome- things about the Air or Atmoſphere, 
that have ſcarce hitherto been taken notice of, may afford you 
ſome hints conducive to a further diſcovery of the ſubject of 
this Epiſtle. 

| EXPERIMENT XVII. 


E took a Glaſs Tube, which though it were not much? 
'Y abovethree Foot long, wemade choice of, becauſe it was 
ofa more than ordinarily even thickneſs. This we fill'd with Mer-. 
eury, though not with as much care as we could, yet with ſome- 
what more than is wont to be uſed in making the Torrice/lian 
Experiment. Then, having according to the manner inverted 
the Tube, and open'd the mouth of it beneath the ſurface of ſome 
other Quick-ſilver, that in the Tube fell down to the wonted 
height, leaving, asis uſual, ſome little Particles of Air in the ſpace 
it deſerted, as we gueſt by obſerving, that upon the Applica- 
tion of hot Bodies to the upper part of the Tube, the Quick- 
Gilver would be a little depreſs'd. Laſtly, having put both the 

| Tube 
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Tube and the Veſſel it lean'd on-intoa convenient Wooden frame 
to keep them from miſchances: we placd that Frame in a Win- 
dow within my Bed-chamber, that I mightboth keep the Mercu- 
ry from being ſtirr'd, and have opportunity to watch-from time 
to time the-Pheznomena it was to. exhibit. : For the better difco- 
very of which, when the Quick-ſilver both in the Tubeand fab- 
Jacent Veſſel was perfe&ly at reſt, we took notice, by a mark 
made on the outſide of the Glaſs, how high the included Liquor 
then reach'd. {6-3 $1 

During ſeveral Weeks that the Tube was kept in that Win- 
down (which was very rarely open'd) I had the opportuaity to 
obſerve, that the Quick-filver did ſometimes faintly imitate the 
Liquorof a Weather-glaſs, ſubſiding a little in warm, and riſing 
a little in cold Weather, which we aſcribed to the greater orleſ- 
fer preſſure of that little Air that remain at the top of the Tube, 
expanded or condensd by the heat or cold that afte&ted the am- 
bient Air. But that which I was chiefly carefull to obſerve, was 
this, That oftentimes the Quick-ſilver did riſe and fall in the 
Tube, and that very notably, without conforming it ſelf to * 
what is uſual in Weather-glaſſes, whoſe Air is.at the top, .nay 
quite contrary thereunto: for ſometimes I obſerv'd it in very : 
cold weather (ſuch as this Winter hath already afforded us good 
{tcre of ) to fall down much lower than at other times, when 
by reaſon of the abſence of both Froſt, Snow, and ſharp Winds, 
the Air was comparatively much warmer. And I farther ob- 
ſerv'd, That ſometimes the Quick-ſilver would for ſome days 
together reſt almoſt at the ſame height; andat other times again 
it would in the compaſs of the ſameday conſiderably vary its al- 
titude, though there appeard no change cither in the Air abroad, 
or in the temper of the Air within the Room (wherein was con- 
ſtantly kept a good Fire) nor inany thing elſe, to which either 
I, or ſome eminently Learned Men, whom I then acquainted 
with the Experiment, could reafonably impute ſuch a change : 
Eſpecially conſidering that the ſpace wherein the Mercury wan. 


_ dredup anddown, within about five Weeks, amounted to full 


two Inches, of which we found by our ſeveral marks whereby 
we 
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we had taken notice of its ſeveral removes, that it had deſcend- 
edabout $ of an Inch from the place where it firſt ſetled, and 
the other Inch and r} it had aſcended. And it ſeems probable 
that the height of the Mercurial Cylinder would have varied yer 
more, if the Experiment had been made in the open Air, and in 
2 long Tube, where the Particles of the impriſond Air by ha- 
ving more room to diſplay themſelves in, might not have had ſo 
ſtrong a Spring to work uponthe Quick-filver with. But for want 
both of time and of a competent quantity of Mercury (which 
was not to be procurd where we then happend to be) we were 
unableto makeany farther tryals:which therefore chiefly troubled 
us, becauſe we wouldgladly have try'd an ingenious Experiment 
which was ſuggeſted unto us by that excellent. Mathematician 
Mr. ren, who being invited to name any thing he would have 
us try touching the preſſure of the Air, detired us to obſerve whe- 
ther or no the Quick-ſilver in a long Tube would not a littleva- 
ry its: height according to. the Tides, eſpecially about the New 
and Full Moon; about which times Marinersobſerve thoſe great 
Flowings'and Ebbs of the Sea, that they call the Spring-Tides. 
For he fagaciouſly and plauſibly conjecturd that ſuch obſerva- 
tions, accurately made, would diſcover the truth or erroneouſ- 
neſs of the Cartefian Hypothefrs concerning the Ebbing and Flow- 
ing of: the Sea: . which Des: Cartes aſcribeth to the greater preſ-; 
ſure made upon the: Air by the Moon, and the-Intercurrent 
Ethereal Subſtance at certain times (of the Day, and of the Lu- 
nary Month) thanat others. But in regard we found the Quick- 
ſilver in the Tube to move up and down ſo uncertainly, by rea- 
fon, as it ſeems, of accidental mutation in the Air; I ſomewhat 
doubt: whether we ſhall find the Altitude of the Quick-ſilver-to 
vary asregularly as the Experiment is ingeniouſly propos'd. The 
ſucceſs we ſhall (God permitting us to make tryal of it) acquaint 
your Lordſhip with; and.in themeantimetakenotice, that when 
we had occaſion to take the Tube'out of the Frame (after it had 
ſtaid there part of November: and part of December) a good Fire 
being then in the room, becauſe it was 8 Snowy day, 
we found the Quick-filver in the Tube to be above the upper 
K ſurface 
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ſurface of the fubjacent Mercury 29 Inches three quarters. * 
: If Your Lordſhip ſhould now aske me what arethe true cauſes. | 
of this varying altitude of the Mercurial Cylinder ; I ſhould not 
undertake to anfwer ſo difficult a-queſtion, and ſhould venture: | 
toſay nomore, than that:among divers poſtible cauſes to which 
it may be aſcribed, it would not be, perhaps, abſurd to reckon © 
theſe thar follow: :.: om © 22/7, cc1et E CT ECTS: Sv. WM 
- Firſt then we may-conſider, that the Air in-the upper part of. | 
the Tabe is much more rarefied;” and therefore more weak than 
the External Airz- as may appear by this among other things, 
That upon the inclining. of the Tube, the Quick-filver will 
readily aſcend almoft to the very: top of:it, and ſo take up eight |. 
.. or nine tenth parts; and perhaps | more —_—_— which i 
deſerted: before: which'wonld not happen, if:that whole ſpace. ' 
had been full of unrarefied Air, ſince that (as tryal may eaſily . 
fatisfie you) would not have ſuffer'd it ſelf to be thruſt into ſo 
narrow a room: by ſo weak a preſſure. So that although.in our ' 
Tube when the included Air, was heated, the Quick-filver was 
ſomewhat depreſsd; yet there-is this difference betwixt ſuch a 
Tube and common Weather-Glaſfes,that in theſe the included and 
the ambient Air are in an /AZquil/ibrinm as to-preſſure,' and the 
weight.of the Water that keeps them ſeparate is ſcarce conſider-' | 
able. Whereas in ſuch a Tube as we are ſpeaking of, the Air 
within, is very much more dilated than that without. - And'tis | 
not ſo much the ſpring or reſiſtance of the included Air, as the 
weight of the Mercurial Cylinder it ſelf, that hinders the Quick- 
filver from aſcending higher: For if we ſhould ſuppoſe that de- 
ferted part of the Tube perfe&tly: devoid of. Air, yet would the 
Bit Quick-ſilver riſe but a lure higher init, and'be far fron filling 
10 HEOM i; in regard the outward Air would not. be able to impell up 
Wl! fuch a weight much higher: whereas it may by our former Ex- 
(| AUR periments: appear, that:if all the Air 1n the upper part of the 
| [| NS Weather-Glafs' were away; 'the Water: would be.impetid upto 
(14 UA the very topof it; thou thePiprxradonboverhiroydbotdoing. 
. We may next coaſider, that this rarefied : Air at the upper - 
part of our Tube being exactly ' ſhut up betwizxt the mg” 
WETy 09 - tie 
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C87) 
the Quick-filver; it was ſcarce ſabje& to any diſcernable alter. 
ations, ſave thoſe it receiv'd from heat and cold. + 
And we may farther conſider, that yet the external Air or 
Atmoſphere is ſubject to many alterations, belides them that 
proceed from either of thoſe Qualities. "wr tu 
For the Experiment that occaſiond this Diſcourſe, ſeems to 
make it probable enough, that there may be ſtrange Ebbings 
and Flowings, as it were, in the Atmoſphere, or at leaſt, that 
it may admit great and ſudden Mutations, either as to its Alti- 
tude or its Denſity, from cauſes, .as well unknown to us, as the 
effets are unheeded by us. And that You may not think that 


there is nothing in Nature but our Experiment that agrees with 


this our conjecture, we might put Your Lordſhip in mind of 
the Pains and Aches that are often complain'd of by thoſe that 
have hadgreat Wounds or Bruiſes, and that do prefage great Mu- 
tations in the Air oftentimes, whilſt to ſtrong and healthy Per- 
ſons no ſign of any ſuch thing appears. And that is alſo very 
memorable to this purpoſe, which I remember I have ſome- 
where read in a Book of the Ingenious X7rcherus, who giving a 
pertinent admoniation concerning the various refractions that may 
happen in the Air, relateth, That during his ſtay in Malta, he 
often ſaw Mount #?»a, though the next day, notwithſtanding 
its being extremely clear, he could not ſee it; adding, that Yix- 
temillius, a very Learned Perfon, did oftentimes, trom a Hill 
he names, behold the whole Iſland he calls Zaprica protuberant 
above the Sea, . though at other times, notwithſtanding a clear 
Sky, he could not ſee it. And though perhaps this may be in 
part aſcribed to the various light and poſition of the Sun, or to 
the various diſpoſition of the SpeQtatorseye, or peradventure to 
ſome other cauſe; yet the molt probable cauſe ſeems to be the 
differing Denſity of the Air, occafiond by Exhalations capable 
to increaſe the refra&ion, and conſequently bring Beams to the 
Eye, which otherwiſe would not fall on it. We have likewiſe, 
in another. Treatiſe, mention'd our having often obſerv'd with 
Teleſcopes a plenty of Steams in the Air, which without ſuch a 
help would not be taken notice of, and which, as they were 
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(68) 
not at all times to be ſeen even through a Teleſcope, ſo they 
did ſometimes, eſpecially after a ſhower of Rain, haſtily diſap- 
pear: and when we have viſited thoſe places that abound: with 
Mines, we have ſeveral times been told by the Diggers, that 
even when the Sky ſeem'd clear, there would, not ſeldome, 
ſuddenly ariſe, and ſometimes long continue, a certain Steam 
(which they uſually call a damp) ſo groſs and thick that it would 


oftentimes put out their very Candels, if they did not ſeafonably * 


prevent it. And I think it will eaſily be granted, that the aſ- 
cenſion of ſuch Steams into this or that part of the Air, and their 
mixing with it, are very like to thicken it; as on the other ſide 
either heat or the ſudden condenſation of the Air in another 


part of the Atmoſphere (to mention now no other cauſes) are ' 


capable of rarefying it. 


Nor will it very much import the main ſcope of our Diſcourſe, | 
whether it be fuppos'd that the copious Steams the earth ſends | 
into the Air, thicken that part of the Atmoſphere that receives ' 


them, and make it more heavy : Or that ſometimes the Fumes | 


may aſcend with ſuch celerity, that though the Air be thickn'd | 


yet they rather diminiſh than encreaſe its gravitation, in regard | 
that the quickneſs of their aſcent, not onely keeps them- trom 


gravitating themſelves, but may hinder the preſſing downwards 


of many Atrial Corpuſcles that they meet with in their way up- 
wards. ThisI ſay, 1s of no great importance to our preſent Dif- 
courſe, ſince either way the Terreſtrial Steam may here and there 
conſiderably alter the gravity or preſſure of the Atmoſphere. 
Your Lordſhip may alſobe pleaſed toremember, That by our 
ſeventeenth Experiment it appear'd, that, as when the Airin the 
Receiver was expanded more than ordinarily, the Quick-filver 
in the Tube did proportionably ſubſide; fo when the Air in the 
ſame Receiver was a little more than ordinarily compreſsd, it 
did impell up the Quick-ſilverin the Tube, above the wonted 
height of betwixt ſix and ſeven and twenty digits. 
And if to theſe things we annex, that for ought we can-find 
by tryals- purpoſely made, the degree of rarity or denſity of the 


ature 


- Air, ſhut upinto our Receiver, doth-not ſenſibly alter.itstemper- 
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(69) 
ature as to cold or heat. -Tt will not, I hope, appear abſurd to 
conceive, That ſince the Air, included in the Tube, could but 
very faintly hinder the aſcent of the Quick-ſilver, or preſs it 
downwards; Since too, that included Air could ſcarce immedi- 
ately receive any ſenſible alteration, ſave either by heat or cold ; 
And ſince alſo, that according to the bare denſity or rarity 
of the Air incumbent on the ſubjacent Quick-ſilver in the Veſlel, 
that in the Tube was impeld more or leſs high; ſuch changes 
happening in the.neighbouring part of the outward Air,either by 
the aſcenſion of groſs or copious exhalations, or by any other 
cauſe (of which there may be divers) as were capable to make 
conſiderable alterations in the conſiſtence of the Air, astorarity 
and denſity, may be able proportionably to alter the height of the 
Quick-filver. I rather fay, that ſuch alterations may be, than 
that they are the cauſes of our Phznomenon: becauſe I think it 
ſufficient, if I have | ge; conjectures not altogether irration- 
al about a new Myſtery of Nature, touching which, the chief 
things I pretend to, 1s to give occaſion to the Curious to enquire 
farther into it, than I have been yet ableto do. 


"EXPERIMENT XIX. 


"Heſame Reaſon that mov'd us to conclude, that by the 

| drawing of the Air out of the Receiver, the Mercury 
would deſcend in a Tube ſhorter than ſix and twenty digits, in- 
ducd us alſo to expect, that by the ſame means Water might be 
brought to ſubſide in Glaſs Tubes of a moderate length: Though 
ky the noble Experiment, ſaid to have been accurately. made in 
France, by Monfiear Paſchal; we are informed that a Tube of 
no leſs than about two and-thirty Foot; was. found requiſite 


- to make the Experiment De vacuo ſucceed with Water inſtead 


of Quick-{ilver : ſo tall a Cylinder of that lighter Liquor, being 
it ſeems, requiſite to equal the Weight of a Mercurial Cylinder 
of 11x or ſeven and twenty digits, and ſurmount the preſſure - 

of. the Atmoſphere. | 
We took then a Tube of. Glaſs, Hermetically ſeal'd at one 
end, of about-four foot in length, and not very ſlender: This, 
at. 
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(70) 
at the open end,we*fill'd withcommon Water,and then ſtopt that 
end till we had inverted the Tube, and open'd it beneath the fur. 
face of a quantity of the like Water, containd in a ſomewhat 
deep-and Nender Veſſel. | This Veſſel, with the Tube in it, was 
let down into the Receiver, and the Receiver being closd up 
aſter the accuſtom'd manner, the Pump was ſet on work. 

As much of the event as concerns our preſent purpoſe, was 


this, That till a conſiderable part of the Air was drawn out of the 


Receiver, the Tube continu'd top-full of Water as when it was 
put in, it being requiſite that a great part of the Air, formerly 
contain'd in the Receiver, ſhould be drawn out, to bring the 
remaining Air to an Z£9uilibrium, with fo ſhort and light a Cy- 
linder of Water. But when once the Water began to fall in the 
Tube, then each exſuction of Air made it deſcend a little lower, 
though nothing near ſo much as the Quick-ſilver at the begin: 
ning did in the Experiment formerly mention'd. Nordidthereap- 
pear ſo much inequality in the ſpaces tranſmitted by the Water 
1n its deſcent, as there it did in thoſe obſerv'd in the fall of the 
Quick-ſilver, of which the cauſe will ſcarce ſeem abſtruſe to him 
that ſhall duly refle&t upon what hath been already deliverd. And 
whereas we drew down the Quick-filver in the Tube ſo far as 
to bring it within an Inch of the ſurface of the other Quick- 


| filver intowhich it was to fall; the loweſt we were able to draw 


down the Water was, by our conjeCture, to about a Foot or 
more above the ſurface of that in the Veſſel; of which I know 
not whether it will be needfull to afſign ſo obvious a cauſe as 
that, though the little Air remaining in the Receiver could not 
hinder a Cylinder of above on Inch high of Quick-ſilver from 
ſubſiding; yet it might be very well able, by its preflure, to 
countervail the weight of a Cylinder of a Foot long or more, of 
a Liquor ſo much leſs ponderous than Quick-filver, as Water is. 


And in fine, to conclude our Experiment, when the Water was - | 


drawn down thus low, wefound, that by letting in the outward 

Air, it might be immediately impelld up again to the higher 
parts of the Tube. 

We will adde no more concerning this Experiment, favethat 

; having 
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having try'dit in one of our ſmall Receivers, we obſerv'd, That 
upon the firſt exſuCtion of the Air the Water did uſually ſubſide 
divers Inches; and at the ſecond (exfuCtion) fall down. much 
lower, fubſiding ſometimes-near two. Foot ; as allo that. upon 
the letting in of the Air from without, the Water was impeld 
up with very great celerity. TEES TY 


EXPERIMENT XX. 


HF" Hat the Ajr hath a notable Elaſtical power (whenceſoever 
that proceeds) we have, I ſuppoſe, abundantly eyincd; 
arid it Begins to be acknowledgd by the eminenteſt Modern 
Naturaliſts. But whether or no there be in Water ſo much as. | 
2 languid one, ſeems hitherto to have been ſcarce conſider'd nor 
hath been yet, for _ know, determin either way by apy 
Writer, which invited us to make the following Experiment. - 
There was taken a great Glaſs bubble, witha long neck; (ſuch. 
as Chymiſts are. wont to call a Philoſophical Egge) which being. 
filed with common Water till the Liquor reachd about a ſpan a- 
bovethe bubble, anda piece of Paper being there paſted on, was: 
put unſtop'd intothe Receiver, and then the Air was ſuck'd out: 
after the wonted manner. The event was this, that aconfider- 
able part of the Air, pen'dup in the Receiver, was drawn out, 
before we difcern'd any expanſion of the Water; but, continuing 
the labour of pumping, . the Water manifeſtly began to aſcend:in 
the ſtem of the Glaſs,. and divers bubbles looſening themſelves. 


, ' fromthe lower parts of the Veſſel, made their way through the 


Body of the Water, to the top of it, and there brake into the: 


\- Receiver: Andafter the Water once appear to:ſwell, then at 
_- each time the Stop-cock. was turnd-to lt our the; Air from. rhe 
- Receiver intothe Pump, the Water in theNeck of the Glaſs did! 
= ſuddenly riſeabout the breadthof aBarly-corn in the Neck of the: 
_-: Ghſsand ſoattaind by degrees, to-a conſiderable height above: 
_- the mark. formerly, mentiond. .: And at length (to make! the: 
 expankon of the Water more evident): the-autward Air was fud- 
 denly ket in, and the Water'immedately ſubfided and defertedi 

'. all the ſpace it-bad newly -gaind in the Glals.: 5:42 


And, 


( 


(72) | 
And, on this occaſion, it will not perhaps be amiſs to acquaint ' 
Your Lordſhip here (though we have already mention'd it in 
another Paper , to another purpoſe) with another Expedient | 
that we made uſe of two or three-years ago, to.try whether or 
no Water hada Spring init. About that time then; That Great / 
and Learned Promoter of Experimental Philoſophy Dr. Wilkins, |: 
doing me the Honour to come himſelf, and bring ſome of his | 
inquiſitive Friends to my Lodging, we there had 1n readineſs a : 
round and hollow Veſſel of Pewter, great enoughto contain two | 
pounds of Water, and exaQtly cloſe every where, but at one little : 
hole where it was to be filld, then partly by ſucking out the Air, - 
and partly by inje&ting Water witha Syringe, it was (not with- : 
out ſome difficulty) filld up to the top;. and that hole being | 
plac'd dire&tly upwards, there was alittle more Water leiſurely 
torcd in by theSyringe. Upon which, though the Veſſel were 
permitted to reſt, and the hole kept in its former poſture, yet 
the compreſsd Water leiſurely ſwelld above the Orifice of the ' 
hole,and divers drops ran over along the ſidesof the Veſſel. After 
this we causd a skilfull Pewterer (who had made the Globe) to 
_ cloſe it up in our preſence with Soder fo exquiſitely, that none 
ſuſpe&ed there was any thing left in it belides Water. And | 
laſtly, the Veſſel thus ſoder'd up, was warily and often ſtruck | 
in divers places with-a.Wooden Mallet,” and thereby wag mani- | 
feſtly.compreſsd,whereby theincloſed Water wascroudedinto leſs | 
room than it had before: And thereupon we took aNeedle, and 
with it and the Mallet perforated the Veſſel, and drew out the 
Needle again; the Water (but in a very ſlender Stream) was ſud- 
denly thrown after it into the Air, tothe height:of two or three | 
Feet. . As forthe other Phenomena of this Experiment; ſince they - 
belong not to our preſent purpoſe, and are'partly mention'd in ' 
another of our Papers, we ſhall, inſtead of recording them here, '. 
give this Advertiſement : That as evidently as this Experiment, | 
and that -made in; our Receiver, ſeemto prove 4 power in the _ 
Water to expand and reſtore it ſelf: after compreſſion; yet for a' 
reaſon to. be met with ere:long, -I judged it nor ſafe, to infer - 
that Concluſion from theſe Premiſes, till I had made _—_ : 
6 


ee On ns yy daemon 


1.4 4 
8 
i of 
Ii i 
| i 
[| 
| j | {11 
5 718 i Ha 
il | | 
| "oh, ſ 
| 
i it 
| Hitt 
Wgtt 
Wh 
M1 
j "Tt 
; : 
s | | 
; ti 
I 
LEON 
! i 1.448 
' 11.41 118 
;1 Fl i 
(| ſ W's 
mt 
it i 
bi | $104 
i I11 F | 
011 ARG 
v1 $1.41 f 
' 1111 l 
191 TOOHet Of $442! 
OMEN 
F108 (3: PRHER 
Wet 
(WU Bl 
I HR OTE 
MORTAL 
THWHPTEIN TG 
108 j 
(RAIN! 
i! HLH 
41 F 
{{ HHIDH in 
| | 
j 


= 5 =V 
wa 
. 
TOW ER rene trot = 


CO Er ID VIII III I IDS. ny rr Ir Ins rn ene ren 


ee mern es rn = 
jou jm Ott IO IE rr OS FA GA <A tos Ir gy, 


(73) 
of the following tryals, to the mention of which I will there- 
fore haſten. ET en Fes 
| EXPERIMENT XXI 
5 diſcover whether the Expanfion of the Water really pro- 
; ceeded from an Elaſtical power in the parts of the Water 
it ſelf, we thought it requiſite to try two things : The one, 
Whether or no the Atmoſphere gravitates upon Bodies under 
Water; and the other, Whether in caſe it do gravitate, the In- 
tumeſcence of the Water may not be aſcribed to ſome ſubſtance 
ſubtler than it ſelf, reſiding in it. In order to the fatisfying my 
ſelf about the firſt of theſe, I intended to let down into the 
Receiver a Veſſel of Water, wherein ſhould be immersd a very 
ſmall oyſd Bladder, almoſt devoid of Air, but ſtrongly ty'd up 
at the Neck with a ſtring, and detain a little under Water by 
ſuch a weight faſten'd to that ſtring, as ſhould juſt be able to 
keep the Bladder from ſwimming, and no more. For I ſup- 
posd, that if when all things were thus orderd, the Receiver 
were emptyd, in caſe there were any ſuch preſſure of rhe Art- 
moſphere upon Water, as T was inclin'd to believe, the Air with- 
in the Bladder, being upon the exſuction of the Air within the 
Receiver, freed from that preſſure, and being preſsd onely by 
the ſmall weight of the incumbent Water, would conſiderably 
expand. it felt ; but whilſt we were preparing Bladders for this 
Experiment, there occurrd an eaſie way for the making at once 
both the Diſcoveries I deſird. | 
We took then a Glaſs Viol, containing by gheſs a pound and 

ſome ounces of Water, this we fill'd top full, and then we put 
into the Neck of it 4 Glaſs Pipe a pretty deal bigger than a 
Gooſe Quill, open at both ends, and of divers Inches in length : 
One-end of this Pipe was ſo put into the Neck of the Viol, as 
to reach a little below it, and then was carefully cemented there- 
to that no Air might get into the Viol, nor any Water get out 
of it, otherwiſe than through the Pipe; and then the Pipe being 
warily filld, about half way up to the top, with more Water, 
and a mark being paſted over aganſt the upper ſurface of th 


Liquor ; the Viol thus fitted with the Pipe, was, by ſtrings let 


down 


| (74) 
down into the Receiver, and according to-the wonted manner 
exquiſitely clos'd up in it. 

This done, we began to pump-out the Air, and when a pret- 
ty quantity of it. had been drawn away, the Water in the Pi 
began to riſe higher in the Pipe, at the fides of which ſome lit- 
tle bubbles diſcoverd themſelves. After a little while longer, 
the Water ſtill ſwelling, there appear'd at the bottom of the Pipe 
a bubble about the bigneſs ot. a ſmall Pea, which aſcending 
through the Pipe to the top of the Water, ſtay'd there a-while 
and then broke ; but the Pump being numbly ply'd, the expan- 
ſion of the Water ſo encreas'd, that quickly, getting up to the 
top of the Pipe, ſome drops of it began to run down along the 
out-ſide of it, which oblig'd us to torbear pumping a-while, and 

ive the Water leave to ſubſide within leſs than two Inches of 
the bottom of the Pipe. After this the Pump being again ſet 
on work, the bubbles began to aſcend from the bottom of the 
Pipe, being not all of a 1ize, but yet ſo big, that eſtimatin 
one with another, they appear'd to be of the ſize of the ſmaller 
fort of Peas ; and of theſe we reckon'd about ſixty which came 
up one a{ter another, beſides ſtore of ſmaller ones, of which we 
' made no reekoning : And at length, growing weary of recko- 
ning and pumping too ( becauſe we found,. that in ſpight of all 
our pains and induſtry, ſome undiſcernd Leak or other in the 
Receiver hinder'd us from being able to empty it altogether ) 
we thought fit to deſiſt for that time, after tryal made of what 
operation the external Air, being let in upon the expanded Wa- 
ter, would have; and accordingly. turning the;Key to [ct.in-the 
Air, we ſaw, as we expected, Soom ater in the Pipe in a 
moment fell down almoſt ta the bottom of it. 

Now of this Experiment there are two or three Circumſtan; 
ces-yet to be mention'd, which are no leſs, than thoſe already 
recited, pertinent to our preſent purpoſe. 3 ITE 

In the firſt place then, when the greater part of the: Air bad 
been pump out of the Receiver, the riſing bubbles aſcended.{o 
very ſlowly in the Pipe, that their Progreſs was ſcarce diſcerna- 
ble ; which ſcan'd to. proceed. from. this, That their. bigneſs 
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was ſuch, That they could not ſufficiently extend themſelves 
in the cavity of the Glaſs, without preſſing on both hands againſt 
the ſides of it, whereby they became ot more difficult extruſion 
to the Water. And m_— it may ſeem ſtrange that theſe bub- 
bles ſhould be of any confiderable bulk, ſince 'tis like they con- 
ſiſted of leſſer parcels of the Air lurking in the Water, than thoſe 
that were vigorous enongh to make their way through, long 
before them : yet they were commonly much larger than be- 
fore, ſome of them being equal in quantity to four or five Peas : 
whether this their increaſe of bulk proceeded from the greater 
deerement of the preſſure of the Air, or from the Union of two 
or three of thoſe numerous bubbles which were then generated 
below the bottom of the Pipe, where we could not ſee what 
was done among them. 5 Og 1h 

Another thing we noted in otr bubbles was, That whereas 
in ordinary ones the Air, together with the thin film of Water 
that inveſts and detains it, is'wont to fwell above the ſurface of 
the Water it ſwims on, and — to conſtitute Hemiſ- 
pherical Bodies with it, the little parcels of Air that 'came up 
after the Receiver was pretty well empty'd, did not make pro- 
tuberant bubbles, but ſuch whoſe upper ſurface was either le- 
yel with, -or beneath that of the Water, fo that the upper ſur- - 
face being uſually ſomewhat convex, the leſs protuberant parts 
of it had a pretty quantity of Water remaining above them. 

We alſo tarther obſervd, that whereas in the bubbles that 
firſt appear in the Pipe, the aſcending Air did, as in other com- 
mon bubbles, make its way upwards, by dividing the Water 
through which it paſsd, in thoſe bubbles that appear'd at the 
latter end of our Experiment; -when the preſſure of the little ex- 
ternal Air, remaining inthe Receiver, was grown inconfidera- 
ble, the aſcending parcels of: Air hxving now little more than 
the weight of the incumbent Water to ſurmount, were able 
both fo to expand themſelves as to fill up that part of the Pipe 
which they pervaded, and: by prefling every way againſt "the 
ſides 6f it, -to lift upwards with them what Water they found 
above them, without letting any conſiderable quantity glide 
ad L 2 down 
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down along the ſides of the Glaſs ;_ So that ſometimes we could * 
ſee a bubble thruſt on before it a whok Cylinder of Water of . 
perhaps an Inch high, and carry it up to the top of the Pipe; 
rhough as we formerly noted, upon the letting in the external 
Air, theſe tumid bubbles ſuddenly relapsd to their former in- 
conſpicuouſneſs. * | - fir 
' All theſe things laid together ſeem ſufficiently to confirm 
that, which the conſideration of the thing it ſelf. would eaſily 
enough perſwade, namely, That the Air, and ſuch like Bodies 
being under Water, may be preſsd upon as well; by the Atmo- 
ſphere, as by the weight of the incumbent Water.it ſelf. | 
Hence likewiſe we may verify what we obſerv'd at the cloſe 
of the foregoing Experiment, namely, That fromthe ſole ſwel- 
ling of Water there recorded, it cannot be ſo ſafely concluded, | 
that Water, when freed from compreſlion, . is endow d with an 
Elaſtical power of expanding it ſelf : ſince thereby it appears | 
that the Intumeſcence produc'd by that Experiment, may, (at 
leaſt in great part ) be, aſcribed to the numerous little. bubbles 
which are wont to be produc'd in Water, from which the preſ- 
ſure of the Atmoſphere is in great meaſure taken-off. So apt 
are we to be miſled, even by Experiments themſelves, into 
Miſtakes, when either we conſider not-that moſt Efte&ts may 
proceed from various Cauſes, or mind onely thoſe Circumſtan- 
ces of our Experiment, which ſeem to comply with our precon- 
ceiv'd Hypotheſis or Conjecures. EE Cir of 
And hence it ſeems alſo.probable, that in the Pores or inviſi- 
ble little receſſes of Water it ſelf there lie commonly. interſpers'd 
many parcels of either Air, or at leaſt ſomething Analagous 
thereunto, although ſo very ſmall, that they have not been hi- 
therto ſo much as ſuſpeCted to lurk there. Bur if it be deman- © 
ded how it appears that there is interſpersd through the Body. | 
of Water any ſubſtance thinner than it ſelf, and why that which - 
produc'd the bubbles abovementiond ſhould not be reſolutely 
faid to be nothing elſe than a more active and ſpirituous part of 
the Water, we ſhall, in order to the Elucidation of this matter, 
ſubjoyn to what was formerly deliverd the following Experi- 
ment. EXPE: 
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"EXPERTMENT XXIL we 

E recited in our ninteenth Experiment, how by draw- 

/{V . ing moſt of, the Air,out of the Receiver, we made the 
Water ſubſide by degrees in 2 Glaſs not four Foot long : We 
ſhall now add, that in the like'Experiment made in ſuch a Tube, 
or a greater, it may be obſerv'd, That when the Water begins 


-- to fall, there will appear ſtore of bubbles faſten all along to the 
> ſides of the Glaſs; of which bubbles, by. the agitation of the 
 Veſftl conſequent upon pumping, there will ariſe gaod num- 
-: bers to the top'of the: Water, and there break ; and as the Cy- 
 linder of Water is brought to be lower and lower, ſo the bub- 


bles will appear more numerous in that part of the Tube which 


® the Water yet fills; and the nearer the-furface of the Water, in 


its deſcent, approacherh to theſe bubbles,..the greater they will 
grow, becauſe having the leſs weight and. preſſure upon them, 
the expanſion of that Air which makes them, can be the leſs 
reſiſted by the preſſure of the incumbent Water and Air ; as 
ſeems probable from, hence, that.;upon the letting in a little ex- 


; ternal Air, thoſe bubbles immediately ſhrink. - : 


\ It may indeed, as we lately intimated, be conjecturd, that 


- theſe bubbles proceed not ſo much from. any Air pre-exiſtent 


in the Water, and lurking in the Pores of-it, as from the more 


5 ſubtle parts of, the Water it ſelf ; which by the expanſion-al- 
 lowd them-upon the diminifh'd preflure of the ambient Bodies, 


may generate ſuch bubbles. And indeed, .I am not yet ſo well 
ſatisfied that bubbles may not -( at leaſt ſometimes) have ſuch 


- anorigination : but that which makes me ſuſpeC&t that thoſe in 
* our tryals contain real Air, formerly latitant in_the'Pores 'of 


the Water, is this, That upon the inletting of the external Air; 
the Water was not again impell'd to the very top of the''Tube 


| ' whence it began to fall, but was ſtopt in its aſcent near an Inch 
| beneath the top, . And ſince, if the upper part of the Tube had 


been devoid of .any' other than ſuch Ethereal matter :as\was 
ſubtle enough freely to. penetrate the pores of the Glaſs,” the 
external Air would bave been able to impel'the Water "to 


the 
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thetop of a Tube ſeven or cight times as long as ourswas ; The © 


I} 
CLE 
I 
- 


p 


Phenomenon under conſideration ſeem'd manifeſtly to argue, * 
that the many bubbles that broke at the top of the Water,: did / 


contain a real Air, which being colle&ed into one place, and 


j 
4 


hinderd by the top of the Glaſs trom receding, was able to with. |; 


ſtand the preflure 


of the outward Air. As we'ſee that if nevir | 
£ little Air remain in the Tube upon the making the Exper. 


5 
- 
34 
' 
b* 


ment De Yacuo with Quick-filver, no inclining of the Tubs, 


(though-a long one, will enable a Man to impell the Mercury | 


up to the very top, by reaſon (as we formerly noted? of the 
reſiſtance of the included Air, which will not be compreſs d be ; 


yond a certain degree. 


But in order to a farther diſcovery what our bubb les were ; 


we will, on this occafion, inform Your Lordfhip, thatwe try | 


the XIX** Experiment in one of our ſmall Receivers, and found,. 
that upon the drawing down of the Water, ſo many bubble: 


diſclosd themſelves, and broke into the upper part of the Tube, 


that having afterwards let in the external Air, the Water ws: 


not thereby impell'd to the 'top of the Tube (three Foot in. 
length) within a little more than half an Inch. And whether: 
or no it were Air that poſſeſs'd that fpaceat the top of the Tube 


- which was not filkd with Water, we took this courſe to ex 


mine. We drew the ſecond time the Air out of the Receivet,. 
and. found, that by reafon of the body that poſſefs'd the top of 


the Tube,. we were able not onely 'to make the Water in the. 
Tube fall to:a level with the furface of the Water in the Veſſel; 
But alſo ( by plying the Pump a little longer ) a great way be 
neath it : which, ſince it could not well be aſcrib'd to the bare. 
ſubſiding of the Water, by reaſon of its own weight; argue 
that the Water was de 


preſsd by the Air : which was confirm'd. 


by the Figure of the furface of the'Water.in the Tube, which 


was much more concave than-that of Water ih *Fubes of that 


bigneſs uſeth to be .And ithis farther'tryal (to add that upon' the 
bye) - we made at the ſame time, 'That when the Water in: the 


Pipe was drawn down alttoft as low! as the Water withonr it, 


we obſety'd, that (thoagh'we defiſted frotn purnping ) by the 
_1 | are 
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The 4 bare application of a hand moderately warm to the defertedpart 
rgue, of the Tube, the remaining Water would be ſpeedily and nota- 
, did | bly depref#d” And having for's while held 2-kindicd Coal to- 
nd {the outſide of the Tube, (the Pamp being Hl unimploy?d; be- 
ith: cauſe the Veſſel chanced to hold extraordinarily well } the Air 
_: was by the heat fo far expanded; that it quickly drove the Wa- 
-| ter tothe bottom of the Tube, which was divers Inches beneath. 
> the ſurface of the ambient Water. Whereby. it appears.'(by 
ury the fare way by-which we formerly nieafurd: the difztation of 
he the Air) that the Air, even when it is expanded'to-between 90 
=> and x00 times its extent, will yet readily admit of a much far- 

- ther rarcfaQtionby heat. a 
- LT econſiderd alſo that in caſe the Bubbles we have been ſpeak- 
- Ing of, were producd by the parcels of Air latitant in the Wa- 
ter, that Air -being now got together to the top of the Tube, 
though: the Air were again drawn out of the Receiver, the ta- 
king off its preſſure would not dr{clofe bubbles as before ; and 
'*. accordingly, the Air being again pump out, the Water irr the 
| Tube deſcended as formerly -: but for 2 great while we ſcarce 
.- faw one bubble appear, onely when the Receiver had been've- 
ry much exhauſted ; and the Water was fallen very low, there: 
.. -; appeard near the bottom of the Tube, certain httle bubbles, 
> Which ſeem'd to confiſt of ſuch parcels of Air as had not, by 
. reaſon of their ſmallneſs, got up to the top of the Water, with. 
e_- the more bulky and vigorous ones. And that which is not in- 
conſiderable, is, That having, by letting in the Air, forc'd up 
the Water into the Tube, we-could'not perceive that it aſcended: 
2. near the top, though we permitted'the Engine to remain'unim- 
oted: ployd for two or three Nights together, and watch'd whether: 
| the Water would ſwell up and fill the Tube: And on this oc- 
ich  caſion T remember, that having try'd ſuch an Experiment as 
| this with Quick-ſilver ioftead- of Water, in a Tube of about x 
| Foot and'4/half long,” wherein-it might ſeem more hopefull to 
eſcape bubbles; yet upon the drawing down the Quick-ſilver 
* as lowas we could, and letting, in the external Air upon it, we 
> found that ſome lurking particles of Air were got vptothe op 
of 
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of the Tube, and-hinder'd the Quick-ſilver from-being forc'd up } 
again ſo. high. And though the Quick-ſilyer 'were by thi | 
means brought to appear a! very cloſe and lovely Metalline Cy. / 
linder; not-.interrupted by interſpersd bubbles' as before; yet ' 
having causd the Air to be again drawn out of the Receiver, | |; 
could perceive ſeveral -little - bubbles to diſcloſe. themſelves, 7 
faſten'd/ to the inſide of the Tube,: near the bottom of it;- and : 
having purpoſely watch'd one or:two of the chicteſt, 1 had the ! 
pleaſure to obſerve, that though they grew. bigger and bigger as * 
the. ſurface of the Mercurial Cylinder fell nearer and nearer to ' 
them, fo as that at length they ſwelld into a conſpicuous bulk; £ 
yet upon the wary letting in the Air upon them, they did not !. 
break, ,but: preſently ſhrunk up into a littleneſ(s' that, render * 


them inconſpicuous. = 
Whence it ſeems yery probable, if not certain, that even in © 
the cloſeſt and moſt ponderous Liquors, and therefore much | 
more. in Water, there may lurk undiſcernable parcels of Air, | 
capable, upon the removal of the preſſure of the ambient Air |. 
( though bur in part) and that of the liquor wherein it lurks, to © 
produce conſpicuous bubbles. And conſequently, if it ſeem in- | 
convenient to admit an Elaſtical power in. the Water, it may 
be faid that the ſwelling. of the compreſsd Water in the Pewter | 
Veſſel lately mention'd, and the ſpringing up of the Water at |: 
the hole made by the Needle, were nor the etiefts of any inter- 
nal Elater of the Water, but of the ſpring of the many little * 
particles of Air diſpersd through that Water, and acting upon - 
it in their ſudden recovering,themſelves to a greater extent, than 
that to which a violent compreſſion had reduc'd them to. - | 


| | 7 fo 
But though, from all theſe particulars, it ſeems manifeſt that | 
the Bubbles we have been all this while treating of, were: pro- 
duc'd by ſuch a fubſtance as may be-properly enough call'd Air; | 
yet till we ſhall have had the opportunuty-of making ſome far- 
ther tryals concerning the nature of the Air, we fhall not reſfo- 
lutely determine whether or no Air be a Primogenial Body (it + 
I may fo ſpeak) that cannot now be generated or turn'd either 
| into 


ter- __ 
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into Water or any other Body. Yet in the mean while {( be- 
cauſe it is an important Queſtion, and if rightly determin'd, 
may much conduce to the knowledge of the nature of the Air) 
we think it not unfit to make a briet mention of ſome of the par- 
ticulars which at preſent occur to our thoughts in favor of either 
part of the Queſtion. 

Firſt then, divers Naturaliſts eſteem the Air (as well as other 
Elements) to be ingenerable and incorraptible. - And reaſons 
plauſible enough may be drawn- to countenance this Opinion 
from the confideration'of that permanency that ought to belong 
to the corporeal Principles of other Bodies. 

Next, Experience may be pleaded to the fame purpoſe, for 
T have read of ſome who in vain attempted'to turn Air into 
Water, or Water into Air. 2:43 2 OEL 

The diligent Schotrus tells us, that amongſt other _, 
rarities to be met with in that great Repoſitory of "———— 
them, the Muſeum HKercherianum, there 1s a round /icopneumar. 
Glaſs with a tapering neck near half full (as one pln RA 
ray gueſs by the Scheme he annexeth)) -of ordinary SH 
Spring-water, which having been hermetically ſhut up there 
by Clavius the famous Geometrician, the included Water is to 


this day preſerv'd, not onely clear and pure, as if it were but 


newly put-in : But (as it ſeems) without (in the leaſt ) turn- 
ing into Air, notwithſtanding its having been kept there theſe 
fitty years : For he tells us, That the Water hath continued 
there all this while without any diminution. 

Nor doth it appear in thoſe Glaſſes, which for Chymical Ex- 
periments we uſually cloſe with ZZermes his Seal ( as they call 
it ) that the included Air doth, during its long impriſonment, 
notwithſtanding the alteration it receiveth from various degrees 
of heat, diſcernably alter its nature. Whereas we plainly per- 
ceive in our Digeſtions and Diſtillations, that though Water 
may be rarefted into inviſible Vapors, yet it is not really chang'd 
into Air, but onely divided by heat, and fcatter'd into very-mi- 
nute parts, which meeting together in the Alembick or in the 
Receiver, do preſently return into ſuch Water as they conſti- 
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tuted before. And we alſo ſee, that even Spirit of Wine, and 
other ſubtle and tugitive Spirits, though they ealily fly into the 
Air,. and mingle with-it, do yet in; the Glaſſes .6f Chymiſts eafy, 
ly lay aſide the diſguiſe of Air, and; refame the diveſted form 
of Liquors. And ſo volatile Salts; as-of Urine, Harts-horn,, ©, 
though they will readily. diſperſe themſelves through the Air, 
and play up and down in the capacity of an Alembick or'a; Re- 
ceiver : yet will they, after a while, faſten; themſelves to. the = 
inſides of ſuch.Glaſſes-in the form of Salts. i: (| 5 1 1 14 
Beſides, ſince Air is- confeſſedly 'endowd. with an Elaftica Fg 
power that probably proceeds from its Texture, it appears not, # 
what it is, that in ſuch. light alterations of Water, as are by 
many preſunrd capable of turning it; into Air, can be reaſonably i 
ſupposd ſo to contrive the Particles of 'Water,; as to give:them, 
(and that permanently, ) the ſtruQture requilite-to aiSpring. I | 
add the word permanently, becauſe the newly mention'd ob- #7 
ſervations ſeem to argue the Corpuſcles of Air to be irreducible 
into 'Water, whereas'the Aqueous Particles may perhaps. tor, a | 
while be ſo. vehemently. agitated, as to-preſs almoſt like Springs © 
upon other Bodies ; yet upon the cealing of the agitation, they 7 
quickly, by relapſing into Water, diſcloſe themſelves to have ® 
been nothing elſe whilſt they counterteited the Air. | = 
Laſtly, The Experiment formerly made in our Engine! with |: 

2 piece of Match, ſeems to! evince, that even thofe light and 
ſubtle Fumes ( for the moſt part not' aqueous neither) into | 
which the Fire it felt thatters dry Bodies, have no ſuch Spring & 
in them as the Air, ſince they were unable to hinder or repreſs :* 
the expanſion of the Air included-in the Bladder they ſurrounded. *. 
Natural ang LT remember indeed that the Learned Foſephus |. 
Moral Hiſt, Acoſta, in his Hiſtory of the Weſt Indies, tells us, i 
of the Indies. That he faw in thoſe parts ſome Grates of Iron ſo Þ 
15 +5 ruſted and conſum'd by the Air, that the Metal being ©: 
preſsd between the Fingers, diſfolv'd -(-to uſe his-words ) to |. 
Grogr..Gene- PoWder, as' it it had been Hay or parched Straw. : 
_ Liv. 11 And I remember too, that the Accurate. Yarenius | 
P- 19+ tells us, That in the Iſlands commonly called Azores, |: 
the =: 
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the Air (and Wind) is fo ſharp, that in a ſhort time it frets 
not onely Iron Plates, but the very Tiles upon the Roofs of 
Houſes, and reduceth them to duſt. And I have elſewhere 
mention'd ſome recent Obſervations of this kind. © But it may 
be faid, That the abovemention'd Authors aſcribe the recited 
effetts chiefly to the Winds, and that, however the corroſion 
of the Iron and the Tiles may proceed not from the Air it ſelf, 
or any of its genuine parts, but from ſothe ſaline Corpuſcles dif: 
persd through the Air, and driven by the Winds againſt the 
Bodies it is preſum'd to fret. And that ſuch volatile Salts may 
copiouſly fn" into the Air, and yet retain their nature, as 
doth the more fixt Salt in the Sea-water, the ſublimations of 
Sal-Armoniack may ſufficiently evince. Not to mention, that 
I have ſh&n ſome Friends a ſecret kind of ſaline Subſtance in- 
comparably ſubtler than Sa/- Armoniack, which did not onely 
eaſily enough aſcend it ſelf, but carried up with it (and that in 
a very great proportion ) the ſolid and ponderous Body even 
of uncalcin'd Gold in the form of ſubtle exhalations, which did 
afterwards faſten themſelves to the upper parts of the Veſſels, 
and yet manifeſt themſelves to continue Gold. We remember 
alſo, that to try whether Water could be turn'd into Air, we 
once took an Zolijpile, into which -we had before convey'd 
ſome Water, and placing it upon kindled Coals when the heat 
forc'd out a vehement ſtream of aqueous Vapors ; we ty'd about 
the Neck of it, that of a Bladder, which we had before empty'd 
of Air; and finding the Aol:pile after a while to blow up the 
Bladder, we carefully ty'd it again that the included ſubſtance 
might not get away. Then ſlipping it off from the Aolipile we 
convey d it into our Receiver, to try whether or no that which 
in part diſtended the Bladder would appear by its Spring to be 
true Air : whereby we found that upon the exſuCtion of the 
ambient Air, the included ſubſtance expanded it ſelf and the 
Bladder, to a very much greater bulk than it was of before. 
And for farther fatisfaQtion, having again taken out the Blad- 
der, we ſufferd it to remain ty'd up till next Morning, to try 
whether time, and the coldneſs of the Night, would make the 
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contain'd ſubſlance relapſe into Water : But the hext\Morning | 
we found it little leſs tumid than: before. I remember, I ſay, Z 
that 1 once made this, Experiment ; but I might- fay in, anſwer | 

to it, that the chief reaſon of my mentioning it, 4s, To let' Your 
Lordſhip fee, how requiſite It 1s to be circumſpeC and confide. | 
rate, when we are to make and to build upon nice Experi- | 
ments. For though I may ſeem to have ufed ſufficient caution, | 
yet afterward conſidering with my felt that the /Zolipile I had F 
imploy'd was a very large one, and that it required much more 
care than one that hath not tryd it would imagine, to drive out * 
all the Air from a large £o/ipz/e, I eaſily ſuſpected that the di- | 

ſtenſion of the Bladder -in our pneumatical Veſſel, might pro- | 
cced not from the watery ſteams that came out 'at the narrow | 


mouth of the A#o/ipile, and had very much wetted te Bladder, !* 
but from the rarefied Air which in that fort of Veſſels is wont |: 
for a good while together to come out with the rarefied Water : ! 
and accordingly having reiterated the Experiment, I found it |. 
very difficult (by reaſon of the thrinking of the Bladders ( up- |: 
on their being heated) and of other impediments) to make it | 
ſo accarately as to deduce from it, that Water may be rarefied 
into true Air. 

Againſt the other four above-mention'd Conſiderations, we | 
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of Water and other Bodies. hn 
Firſt then we have found by Experience that a vapid Air, or ©. 
Water rarefied into Vapor, may at leaſt for a while emulate the |. 
elaſlical power of that which is generally acknowledg'd to be | 
true Air. For if you take a good Zolipzle, with a moderately | 
ſtrong and ſlender Neck, and filling it with Water, lay it upon | 
quick Coals, you may after a while obſerve ſo great a preſſure 
by ſome of the parts contain'd in the Zo/ipz/e upon others, 
that the Water will ſometimes be thrown up into the Air above 
three or four Foot high; and if you then take the AZolipile al- . 
molt red hot from oft the fire, you may perceive that the Water 


ill =: 
will =: 
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will for a longer time than one-would eafily imagine continue 
to be ſpouted out in a violent Stream. And if there remains 
but little Water in the /Z0/ipile when tis taken very hot from 
the Fire, immerſing the Neck of it into cold Water, you will 
find, that after it begins to ſuck in ſome Water, there will be 
made from time to time ſtore of large bubbles in that Water 
wherein the Neck was plunged. Which bubbles ſeem mani- 
feſtly to procced from hente, that for a while the heat in the 
ZEolipile continues ſtrong, enough to rarefy part of the Water 
that is ſuck'd in, and expel it in the form of Vapors through 
the Water incumbent on the Pipe. If allo when the A#9/ipzle 
is almoſt full of Water, and therefore can contain but little Air; 
you hold a Coal or Brand in that ſtream of Vapors that iſſues 
out of the-narrow mouth of it, you will find this vapid or rorid 
Air, (if I may fo call it) to blow the Fire very ſtrongly, and 
with a roaring noiſe. And that it be not faid that *tis by the 
external Air which the aqueous ſteams drive before them, and 
not by the Steams themſelves, that the Blaſt is made and the 
Flame excited ; it hath been obſerv'd, that by approaching the 
Coal or Brand almoſt to the mouth of rhe A#o/ipile, the Wind 
appeard more vehement, than. if the Body to be kindled were 
held ſome Inches off. 

But in regard the elaſtica] power of the Stream, ifluing out of 
an Zolipile, ſeems maniteſtly due to the heat rhat expands and 
agitates the aqueous Particles whereof that Stream conſiſts, and. 
that ſuch rapid Winds ſeem to be but water ſcatter into little 
parts and ſet a-moving ; ſince we find, that holding a Knife, or 
any ſolid, ſmooth, and cloſe Body againſt the Stream that iſſues 
out of the ZZolipile, the Vapors condenſing upon it, will pre- 
ſently cover it. with Water : It will be very pertinent to ſub- 
joyn a notable Experiment that I remember [ have met with in 
the deſcription given us by the Induſtrious X7rcher, of ſeveral 
Muſical Engines. And ( though it may ſcem ſomewhat. pro- 
Iix) we will reſite what he delivers in his own words, which 
are theſe. | 
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Cum eodem tempore quo hac ſeripft, ſummzi Pome. 


Kirch. Art. Dnocentii Xi mandato organi hydraulici in horto Qui- iz 
rinali conſtituendi cura mihi commendata eſſet, oli. 
lib.g. p.309. am cameram inſigni ſane ſuctefſu conſtrui juſſimus, ed | 


Mag. Con. 
& Diſſon. 


que ſequitur ratione. | 


| Erat longitudo froe altitudo camere AH 5 Pe- |: 
See the fit. Jy, Latitudine 3 fere ex lateribus conſtrutta ; in © 


reenth Fi. 


_ medio duo tenebat Diaphragmata CD & EF in mo. ©: 
© +, dam cribri J_ foraminibus pertuft., Panlo ith |: 
V 
4 


fra canals G aquam a 
um parabat exitum. Aqua itaque per canalem G maximo in- 
petu ruens vehementiſſimum ventum mox intus excitabat ; qui 
ventus nimii humiditate imbutas, ut purior exiret ficciorque, 
Diaphragmata illa in cribri modum pertuſa, ordinata ſunt. In- 


tra hec enim aque vehemens agitatio rupta frattaque Aerem pu- | 


riorem per A canalem ſubtilioremque emittebat : Verum cum p0- 
ftea inventum fit Aerem plus equo humidum interioribus Organi 
meatibus maximum detrimentum inferre : Hinc, ut Aer aquoſus 


fecciſſimam confiſtentiam acquireret, ordinavimus canalem plambe- | 


ehens inſerebatur in H eidem epiſtomi- ©: 


um QR in helicem contortum wvaſi S aliquantulum capaciori in © 
modum Urne efformato, inſertum. Intra Urnam enim plumbeam © 


& canalem tortuoſum illiſus Aer humidus, ita ab omni aquoſitate 


elefecabatur , ut ex furno in Organum derivatus dici potuerit. 
Trna S canalis tortuoſi Q R altimum orificium 7, inſeritur ane- | 


mothece Organi. Et hunc modum Organis hydraulicis omnium 
aptiſſimum reperi. | | 
Debet autem camera illa ſituari in loco quantum fieri poteſt ſic- 


ciori, ita ut longo canali aqua intra eam derivetur, ne locus hu- 


miditate ſua Organis officiat. 
Thus far the Ingenious Xircherus, whom I the rather cite, 
becauſe although I have been informed of divers Ventidu&s (as 


A Ee awe A, 


they call them) by very knowing Travellers that have obſerv'd | 
them : yet this relation of our Author being very punctual, and ' 
deliverd upon his own particular Experience, hath I confeſs, 

made me with I had had the good fortune when I was at Rome, | 


to take notice of theſe Organs ; or that I had now the oppor- 
tunity 
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ity of examining, of ſuch an. Experiment. For if upon a 
ſtrict enquiry | ſhould find that the breath that blows the Organs 
doth-not really upon: the ceaſing of its unuſual agitation byckirtle 
and lutle relapſe into- Water,':1 1bould. ſtrongly fufpect that 'ris 
poſſible for Water:to be eaſily turd into Air. I remember in- 
deed, that we-have formerly taught; that there lurks an inter- 
ſperſed Air in the pores of ordinary Water, which may poſlibly 
be ſtruck out by yg ma of the Water in its fall into the 
Aolian Chamber, ( as:he- calts.it; | But in regard the:Scheme 
ſeems to reprefent+that: Chamber: as cloſely ſhut, and thereby - 
forbids us to ſuppoſe that any Air 1s carried into it, but what is 
latitant in the Water, it will fcarce ſeem probable { to him who - 
remembers how ſmall a proportion of Air, that. appear'd: to be 
when- its rarefjeation: ceaſed;-wiueht was'\chnceald:in the Water 
we freed from bubbles.in ous; Receiver”) that fo. little: Air as is - 
commonly diſpers'd through Water, : ſhould be able, in ſo little 
Water as was requiſite for ſo ſmall a room, to-make fo vehemenr - 
a Wind as out. Author: here tells us of. 1-have ſometime there- - 
fore- ſuſpected; that in this caſe the: Wind may be produc'd by 
ſinall particle$,of the Water. it ſelf, forcibly expelFd out of the - 
Chamber intoxlie Organs. - And to the ObjeCttion, to which I 
foreſaw this gheſs to be liable, namely, That, no hear interve- - 
ning,. there appear'd nothing that ſhould raiſe the Water into exs - 
halations, and give them an-impulſe.'. I: thought it might be 
ſaid, that motion alone, if vehement:enough, may, without | 
ſenſible heat, xſutfice to break Water into very minute parts, and 
make them aſcend upwards, if they can-no where elſe more ea- 
{ily continue their agitation. © For I remember, that travelling 
betwixt Lyons and Geneva, '| ſaw; nor very far out of the way, 
a place where the River of Rhone,” coming ſuddenly to be 
ſtraiten'd betwixt two Rocks, ſo near each other, that a Man 
may, (it my Memory fail me not ) ſtand a ſtride upon both at 
once : that rapid Stream dathing with grear impetuoſity againſt 
its Rocky Boundaries, doth break part: of its Warer into. ſuch 
minute Corpulcles, -and put them into ſuch a motion, that Paſ- 
lengers obſerve at a good diſtance off, as it were-a Miſt _ E: 
| rom . . 
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from that place, and aſcending a good way up into the Air, 
Such, I fay, was my ſuſpicion touching the Wind we have been 


confedering, but it ſeems ſomething odd that aqueous Vapor | 


ſhould, like,a dry Wind, paſs through' ſo long-and tortuous's 
Pipe of Lead, as that deſcribd by our Authour, ſince we ſee in 
the Heads of Stills, and the Necks of ZZo/ipiles, how quickly 
ſuch Vapors are even by a very little cold recondenſed into Wa- 
ter. But to this alſo ſomething may be ſpeciouſly reply'd; where. 
fore contenting my: ſelf to have mentiond-our Author's Experi 
ment as a plauſible, though not demonſtrative proof, that Wa- 
ter may be tranſmuted into Air. We will paſs on to mention in 
the third place another Experiment, which we try in order to 
the ſame enquiry. (12G | | t 


We took a'clear glaſs Bubble: (capable of containing by gueſs - 
about three Ounces.of Water ) with a Neck ſomewhat long and 


wide, of a Cylindrical form ; this we filld with Oyl of Vitriol 
and fair Water, of each almoſt a like quantity, and caſting; in 
half a dozen ſmall Tron Nails, we ſtopt-the mouth of the Glaſs 
(which was top full bf Liquor ) with a flat piece-of Diapaima 
provided for the purpoſe, that, accommodating” it ſelf to the 
ſurface of the Water, the Air might be exquiſitely excluded : 
and ſpeedily inverting the Viol, we put the Neck of it into a 
{mall wide-mouth'd Glaſs that ſtood ready with-more of the fame 


Liquor init, to receive it. As ſoon as the Neck had reachd the : 
bottom of the Liquor it was dipp d1nto, there appear'd at the up- : 
per part (which was before the bottom) of the Viola bubble, of *: 
about the bigneſs of a Pea, which ſeem'd rather to conſiſt of * 
ſmall and recent Bubbles, produc'd by the a&tion of the diſſol- * 
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ving Liquor upon the Iron, than any parcel of the external Air ' 


that might be ſuſpeted to. have got in upon the inverſion of the |! 


Glaſs, eſpecially ſince we gave time to thoſe little Particles of ' 


Air which were carried down with the Nails into the Liquor 
to fly up again. But whence this firſt Bubble was produced, 
is not ſo material to our Experiment, in regard it was fo ſmall: 
For ſoon after we perceivd the Bubbles produc'd by the action 
of the Mex/truum upon the Metal, atcending copiouſly to the 

Bubble 


(89) 


Bubble already named, and breaking into it, did foon excte- 
dingly encreaſe it, and by degrees depreſs the Water lower and 
lower, till at length the ſubſtance contain'd in thete Bubbles poſ- 
ſeſſed the whole cavity of the glaſs Viol, and almoſt of its Neck 
too, reaching much lower in the Neck than the ſurtace of the 
ambient Liquor, wherewith the open-mouth'd Glaſs was by this 
means almoſt repkniſhed.: And becauſe it might be ſuſpected 
that the depreſſion of the Liquor might proceed from the agita- 


L- £1 tion whereinto the exhaling and impriſon'd Steams were pur, by 
2: that heat which is wont to reſult trom that aCtion of corroſive 
2 falts upon Metals, we ſuffered both the Viol and the open- 


2” mouth'd Glaſs to remain as they were, in a Window, tor three 
=” or four days and nights together ; but looking upon them ſe. 


© veral times during that while, as well as at the expiration of it, 


the whole cavity of the glaſs Bubble, and moſt of its Neck, 
ſeem'd to be polleſsd by Air, ſince by its ſpring it was able tor 
ſo long to hinder the expelld and ambient Liquor from regain- 
ing its former place. . And it was remarkable, that juſt before 


//. we: took the glaſs Bubble out of the other Glaſs, upon the ap- 


plication of a' warm hand to the convex part of the Bubble ; 


' the impriſond ſubſtance readily dilated it ſelf like Air, and 


broke through the Liquor in divers bubbles, ſucceeding- one 


© another; :«- -- ; | 


Having alſo another time tryd the like Experiment with a 


. 2 ſmall Viol, and with Nails diffolvd in Aguafortis, we found no- 
--: thihg.incongruous to what we have now deliverd. And this 
-- Circumſtance we obſerv'd, that the newly generated Steams 


did;not onely poſſeſs almoſt all the whole cavity of the Glaſs, 


* | but divers times without the aſſiſtance of the heat of my hand, 
-, broke away in large bubbles through the ambient Liquor into 
- the open Air: So that theſe Experiments with corroſive Li- 


* quors, ſeem'd manifeſtly enough to prove, though not that Air 
may be generated out of the Water, yet that in general Air 
may be generated anew. - | 

- Laſtly, To the foregoing Arguments from Experience we 
.: might eaſily ſybjoyn the Authority of Arifotle, and of ( his 
N 


Followers ) 
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Followers) the Schools who are known to have taught, that 
Air and Water being ſymbolizing Elements ( in the quality of | 
moiſture ) are eaſily tranſmutable into one another. Bur we 
ſhall rather to the Linn Argument add this, drawn from | 
Reaſon, That if, as Lepcippus, Democritus, Epicurus and others, 
follow'd by divers m6dern Naturaliſts, have taught, that the | 
difference of Bodies proceeds but from the various Magnitudes, | 
Figures, Motions, and Textures of the fmall parts they conſiſt ! 
of, all the qualities that make them differ, being deducible from * 
thence) there appears no reaſon why the minute parts of Wa. 
ter, and other Bodies, may not be 1o agitated or conneCted as 
to deſerve the name of Air. For if we allow the Cartefian Hy / 
pothefis, according to which, as we noted at the beginning of | 
this Letter, the Air may conlſift of any terrene or aqueous Cor: | 
uſcles, provided they be kept ſwimming in the interfluent Ce. |: 
ſtial Matter ; it is obvious that Air may be as often generated | 
asTerreſtrial Particles, minute enoughtobe carriedup and gown, | 
by the Celeſtial Matter, aſcend into the Atmoſphere. And {| 
we will have the Air to be a comgeries of little ſlender Springs, | 
it ſeems not impoſſible, though it be difficult, that 'the ſmall 
parts of divers Bodies may by a lucky concourſe of cauſes be fo 
connetted, as to conſtitute ſuch little Springs, fince { as we. 
note in another Treatiſe) Water in the Plants it nouritheth. is | 
uſually contriv'd into-ſpringy Bodies, and even the bare alterd 
poſition and connexion of the parts of a Body may. ſuffice to 
give it a Spring that it had not before, as may be ſeen in a thin |. 
and flexible Plate of Silver ; unto which, by ſome ſtrokes of a | 
Harnmer, you may give a Spring, and by onely heating it red- 
hot, you may make it again flexibke as before. vrik-101l 
Theſe, My Lord, are ſome of the Conſiderations at preſent - 
occurring tomy thoughts, by which it may be made probabk; 
that Air may be generated anew. And though it be not impoſ- 
ſible to propoſe ObjeCtions againſt theſe, as well as _ what 
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hath been repreſented in favour of the contrary ume ; yet _ 
having already almoſt tired my ſelf, and I fear more than al- 
moſt tired Your Lordſhip with ſo troubleſome an _—_— 's 
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aſter the nature of Bubbles, I ſhall willingly leave Your Lord- 
ſhip to: judge of the Arguments alledged on either fide, and I 
ſhould ſcarce have ventur'd to entertain You fo long concerning 
fuch empty things as the Bubbles, which have occaſtoned all this 
Diſcourſe, but that I am willing to invite You to take notice 
with me of the obſcurity of things, or the dimneſs of our crea- 
ted Intelle&ts (which yet of late too many fo far preſume upon, 
as either to deny or cenſure the Almighty and Omniſcient Crea- 
>> tor himſelf) and to learn hence this Leſſon, That there are very 
. 7 many Things in Nature that we diſdaintully overlook as obvious 
=: or deſpicable, each of which would exerciſe our Underſtandings, 
EZ © if not poſe them too, if we would but attentively enough con- 
1g of | ſider it, and not ſuperficially contemplate, but attempt fatis- 
Cor- factorily to explicate the nature of it. 


oh ' EXPERIMENT XXII. 
Wn, "= Ince the writing of the twenty firſt and twenty ſecond Ex- 
nd {© periments (and notwithſtanding all that hath been on their 


ings, © | occaſion deliver'd concerning Bubbles) we made ſome farther + 
ſmatt - trials in proſecution. of the fame inquiry whereto they were 
be p: deſigned. | | | | 


zthis;: We choſe then, amongſt thoſe Glaſſes which Chymiſts are 
irerd | Wont to call Philoſophical Eggs, one that containing about nine 
ce to wh Ounces of. Water, had a Neck of half an Inch in Diameter at 
thin |. fÞe top, and as we gueſt, almoſt an Inch at the bottom ; which 
-ofa . breadth we. pitched upon for a reaſon that will by and by ap- 
red: Pear: then filling it up with common Water to the height of 
. -,.» ©. abouta Foot and an half, fo that the upper part remained empty, 
ne... We ſhut it into the Receiver, and watch'd what would follow 

upon pumping, which proved that a great part of the Air being 
.. drawnout, the Bubbles began to diſcover themſelves at the bot- 
tom and ſides of the Glaſs ; and increaſing, as the Air was more 
& and more drawn away, they did from time to time aſcend co- 

. . ptouſly enough to the top of the Water, and there quickly break : 
-: but by reafon that the wideneſs of the Glaſs allow'd them free 
_ N 2 paſſage 
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paſſage through the Water, they did not appear as in the former 
Experiments to make it ſwell : The Water ſcarce ever riſing at 
all above the mark affixt to its upper ſurface, when it was put 
in, and upon the return permitted to the outward Air, and 
conſequently the ſhrinking in of the remaining bubbles, the 
Water ſeem'd to have loſt of his firſt extent, by the avolation 
of the formerly interſpers'd Air. | 


Being willing likewiſe to try whether diſtilled Water wete, 
by having been divided into minute parts, and then re-united, 
more or leſs diſpos'd to expand it felt than Water not diſtilld: 
We took out of our Laboratory ſome carefully diſtil}d Rain-wa | 
ter, and put about two Ounces of it into a round Glafs-bubble, 
with a very ſmall Neck ( not exceeding the fixth.part of an 7 
Inch in diameter ) which we filled halt way to the top, and: 
then convey'd it into the Receiverz the iſſue was, that though! 
we drew out more Air than ordinary, yet there appeared not , l 
leaſt intumeſcence of the Water, nor any aſcending bubbles. + * 

But ſuſpeCting that either the ſmall quantity of the Water or 
the figure of the Veſſel might have an intereſt in this. odd Phe: 
nomenon, we took the lately mentioned Philoſophical Egg, and. 
another not much differing from it; the former we filld up with 
diſtilfd Rain-water tothe old mark, and into the latter we put: 
a long Cylinder or Rod of ſolid Glaſs to ftraiten the cavity-d 
the Neck by almoſt filling it up; and then pouring ſome diſtil: 
led Water into that alſo, till it reach'd within fome Fingers: 
breadth of the top, the Eggs were let down into the Receiver. 
In this Experiment the Air was fo far drawn forth, before there 
appeared any bubble in either of the Glaſſes, that the diſparity. 
betwixt this and common Water was maniteſt enough. Burt at 
length, when the Air was almoſt quite pump'd out, the bubbles. 
began to diſcloſe themſelves, and to increaſe as the preſſure of- 
the Air in the Receiver decreasd. But whereas in :the firſt . 
mentioned Philoſophical Egg the bubbles were very ſmall; 
and never able to {well the Water, that we took notice of, at . 
all above the mark : In the other, whoſe Neck, as we hay 

aid, . 
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'mer ſaid, was ſtraitned, and-;their- paſſage obſtructed, great num- 
Ig at bers of them, and bigger, faſtned themſelves to the lower end 
5 Put of the Glaſs-rammer (if we may ſo call it) __—_ in 
and ſuch: numbers ketween'that and the'fides of the Neck, thar the 


Water-ſwell'd about a Finger's breadth above the mark, though 
upon the admitting of the external Air it relapſed to the former 
mark, or rather fell ſomewhat below it. And although there- 
upon in the firſt named Veſſel all the bubbles preſently difap- 

ared, yet in the: other we- obſerved, -that divers remained 
faſtned to the lower'ipart of the Glaſs-rammer, and continued 
there ſomewhat to our wonder, for above an hour after, but 
contracted in their dimentions. 


Moreover, having ſuffered-the Glafſes'to remain above twen- 
ty four hours in the Receiver, we afterwards repeated the Ex- 
periment, to try what change the exfuCtion of the external Air 
would produce in the Water, aſter the internal and latitant Air 
had (as is above recited ) 1n great meaſure got away 1n bubbles, 


er of © and whether or no the-Water would by ſtanding re admit any 
Phe new particles of Aif in the room of thoſe that had forſaken ir. 
,.and But though we exhauſted the Receiver very diligently, yet we 
with fearce ſaw a bubble in either of the Glafles, notwithſtanding 
e put! . which, we'perceivd the Water'to rife about the breadth of a 
ty-of Barly-corn, or more, in the Neck-of that Glaſs wherein the ſo- 


diſt” lid Cylinder had been put the Liquor in the-other Glaſs not 
ngers'” > fſenfibly ſwelling. | 


elver. And hſtly upor the letting in of the Air, the Water in the 
there ſtraitned Neck ſoon: fubſided 'to the mark above which it had 
Aarity ſwollen; Which whether it ought to be aſcrib'd to the ſame ſmall 
ut at! — expanſionof the parts of the Water it ſelf, or to the rarifattion 
bbles: © of ſome yet latitant Air broken'into ſuch ſmall particles, as to 
Ire of- eſcape our obſervation, feerns not eaſily determinable, without 
> firſl ſuch farther tryals, as would perhaps prove tedious to be recited 
mall, as well as to be/made ; 'though I-was content to ſet down thoſe 
of, at. already mentioned, thar it' might appear how requiſite it is in 
lately nice Experiments to conſider variety of Circumſtances. 

ſaid, EXPE: 
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EXPERIMENT XXIV. , 
" A Fter having thus diſcovered what operation the exſuQtion 


\ of the ambient Air had upon Water, we thonght good 


to try alſo. what changes would happen 1n other Liquors upon 
the like taking off the preſſure of the external Atr. We took 


then a glaſs Egg, ſomewhat bigger than a Turkey Egg, which 


had a long Neck or Stem of about a » part of an Inch in diame- 


ter ; and filling it up with Sallet-oyl untill. it reach'd above half 


- way to the top of the Neck, we inclosd it in the Receiver to- 


w 


gether with common Water in a reſembling Veſlel; that we 
might the better compare together the operation of the exſuc- | 


tion of the Air upon thoſe two Liquors. The Pump being ſet * 


on work, there began to appear bubbles in the Oy] much-ſooner |: 
than in the Water, and afterwards they alſo aſcended much more |! 
copiouſly in the former Liquor than in the latter : Nay, and | 
when by having quite tired the Pumper, and almoſt our own | 
Patience, we gave over, the Bubbles roſe almoſt ( if not alto- : 
gether) in as great numbers as ever, inſomuch that none of the | 


3 
2 
bo 


i 


various Liquors we tried either before or fince, ſeemed to abound | 


more with Aerial Particles than did this Oyl. In which it was 
farther remarkable, that between the time it was ſet. into the 


Receiver, and that, at which we could get ready:to pump, it | 
ſubſided notably ( by gheſs about half an Inch) below the 
mark it reached before it was put in. | 


After this expreſs 


( for in the Shops where it is ſold, the ſame Liquor is promiſ- 


bl 


d Oyl, we m 


ad 


e tryal of a diſtild one, | 
and for that purpoſe made choice of the common Oyl or Spirit 


cuoufly called by either name) of Turpentine, becauſe *twas one- 
ly of that Chymical Oyl, we had a ſufficient quantity : which, 
being put into a ſmall glaſs Bubble with a ſlender Neck, fo as 
to fill it about two Inches from the top, did, upon the evacua- 
ting of the Receiver, preſent us with great ſtore of bubbles, 
moſt of which riſing from the bottom, expanded themſelves 


to ſwell ſo much by degrees, that at length it divers times ran 


over 


exceedingly in their aſcent, arid made the Liquor in the Neck - 


Dy tice of any thing ' 


(35) 
over at the top : by which means, we were hindred from be- 
ing able to diſcern/ upon the {etting in of the Air, how much 
the fabſidence of the Oyl below the firft, mark was due to the 
receſs of the Bubbles. © © Was bet bur og NAnY 
Having likewiſe a mind to try whether, as ſtrong a ſolution 
of Salt of Tartar in fair Water as could be made' G we having 
then no Oyl of Tartar per deliqaiym at hand) though it be ac- 
counted, Quick-ſilver excepted, the heavieſt of Liquors, would 
afford us any bubbles; we anigned g tull of it at the 
ſame time, with other Liquors, and. tound that ws did long 
yield ſtore of bubbles before any diſcovered themſelves in the 
Liquor of Tartar ;' and having; purfued the Experiment, it ap- 
peard, That of all the Liquors we made trial of, this afforded 
the feweſt and ſmalleft bubbles. 1.7 
Spirit of Vineger being tricd after the ſame manher, exhibi- 
ted a moderate number of 'bubbles;” but” ſearce any thing elſe 
worth the mentianing. - 10.3013 Co{:] Foul ©: 7 A - ; 
Nor could we in Red Wine, try'd in a glaſs Egg, take no- 
| very -obſevabſe..” For though upon the ex- 
ſuf&tion of. the Air' the bubbles aſcended-in -this Liquor, as it 
were in-ſholes, and ſhifted phces among themſelves'in their aſ- 
cent ; yet the intumeſcence of the whole. bulk of the Liquor 
wascarce/ar all fonſible;-the bubbles moſt commonly breaking 
very ſoon after their titrivalat te top,” where during their ſtay, 


they compoſed a kind" of 'ſhillbw' froth, which alene appeared 


higher in the Neek of the Glaſs, than was the Wine when it | 


was(let down. - Neither yet digf Mall, conveyed into our Poeu- 
matical Veſſel, preſent 'vs with Re Any vin fave that 
(as it feom'd by reaſon of fore whtthonthels of the Liquor) the 
bubbles not eaſily — and rhrafting up one 
another, made the Intumeſc nce-appear much greater than that 
of .common'Water.'- {7 #0 Pei nh _ 
' We likewiſe conveyed'Hens Eggs, into the Receiver, but af- 
terithe exſudtior of the Kir, "ook rhem opt whole again: That 


which-inviced'us to 'put-them. in, was, That (as Fthaps we 
mention in- other papers) we had among other 


xperiments. 
of 
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of cold, made Eggs. burſt, by. freezing them' within-doors with | 
Snow and: Salt.: The Ice, into. which, the ;aqueous parts of the 
Egg were. turnediby the cold; ſo diſtending (probablyby reaſon | 
of the numerous bubbles wont to be obſeryable'iniIce) the: ont: * 
ward parts.of the Egg, that it uſually crack'd the Shell,” though | 
the inner Membrane that. 1nvolv'd: the ſeyeral-Liquors of the 

Egg, becauſe jt. would, ſtretch and, yield, remain'd/ unbrokea | 
And hereupon we umagin(d.that in. oux Engine it-might' appear, | 
whether or no there were any conſiderable Spring, either in any | 
of the Liguors,'vr :in. anly , other more ſpirituous ſubſtance in: | 


cluded in the Egg.,  _ -. 


RT ws rote pat or T0 1:3] DLI21TY 
We took ally Tome Spiri of Urine, ;careleſly. enough defleg; | 
med; and he, ſame, Glats..(:firſt carefully-ſcour'd and | 
cleanſed ) wherein we had put thgOyl olive abovermentioned: | 
We took, alſo another. Glaſs, -diflering from a:Glaſs-egg,;.onely / 
in, that its .þottom . was, flat, and, filfd-it up to about 5 of the : 
Neck (which was wider than that of the-kgg) with re&ified ' 
Spirit of Wine. >: ,, 5 blogs nt but ni gn El no | 
We *ook; allo, gnorhen Glaſsceg,,iand having ;filld. it with | 
cotnmon Water till it: reached toi the-midgle of the Neck, we ! 
poured to-it of the ſame Hpirit.of Wine,::till it reached about an | 
Inch tveher. 11-7 263 to gnnofte ut 473 337 43622} 
— Theſe three Glaſſy gay. ;marks, ſet-on\ themy over: againſt | 
the edges.of, the: coptain'd. L1quors Were put.into the Receiver, | 
and that beginning; to be evacyated;,,the bubbles-in:-all- the | 
three Liquors began to appear.;;-.The-mixtute of the -Spirit of 
Wine and Water diſclosd a, eat ſtore of bubbles,.. eſpecially: to- | 
wards the tracy rtactlys > ed:us any; thing worth .the. re: 
membring. . Ihe Spwit gl Ute appeard to-fwell near-an;Inch. 
and an half above {= mark ;rand beſides, that; ſent: forth ſtore | 
of bubbles, which:mage,a..kind.of froth: at. the upper part. obit: 
And above that ſpume, thert appear'd eight or, ten.great bubbles 
one above another, ;in 4 yer. decent; ardes,, each. of: then'ton- 
ſtating, 35 1f Were, 2 Colter ;abgut-alfian.Inchhigh,jand 
as broad asthe 1 terpa cavity of the Neck: So that all the-upper 
part of the Neck (for theſe; bubbles reach, to,the top). ſeemid | 
- | —} to 


adn Gf 407: #4 
put ir, into,t 


+ 
” 


* 


, b 
Ts; 


GY 

L 7 #5 Fo 
with 7 
TE 4 

£ 

4 7; OED 

C_3 [43 404 
CE 5 


( 97 
to be divided into almoſt equal parts by certain Diaphragmes, 
conſiſting of the coats of the bubbles, whoſe edges appeared 
like ſo many Rings ſuſpended one above another. ; 

In the Spirit of Wine there did ariſe a great multitude of bub- 
bles, even till wearinefs did make us give over the Experiment. 
And in thefe bubbles two or three things were remarkable ; as 
firſt, That they aſcended with a very notable celerity : Next, 
That being arrived at the top, they made no ſtay there: and yet, 
notwithſtanding the great thinneſs and ſpirituouſneſs of the Li- 
quor, did, before they broke, lift up the upper ſurlace of it, and 
for a moment or two form thereof a thin film or skin which ap- 


| | peared protuberant above the reſt of the ſuperficies like a ſmall 
Hemiſphere. Thirdly, That they aſcended ſtreight up, whereas 
* thoſe produced at the lower part of the Veſſel, containing the 


mixture of the Water and Spirit of Wine, aſcended with a wa- 


_ vering or wrigling motion, whereby they deſcribed an indented 


Line. Laſtly, it was obſervable in the Spirit of Wine (and 


.. we took notice of the like in the Oyl of Turpentine lately men- 
-_; tioned) that not onely the bubbles ſeemed to rife from certain 
= determinate places at the bottom of the Glaſs, but that in their 
- aſcenſion they kept an almoſt equal diſtance from each other, 
. and follow'done another in a certain order, whereby they ſeem'd 
= part of ſmall Bracelets, conſiſting of equally little incontiguous 


; 2: Beads: the lower end of each Bracelet, being as it were, faſtned 
= to a certain point at the bottom of the Glaſs. : 


The Air being ſparingly let into the Receiver, the great-bub- 


; = bles formerly mentioned as incumbent upon one another, in that 
- Glaſs that contained the Spirit of Urine, were by orderly de- 
' grees leſſened, till at length they wholly ſubſided. Notwith- 


ſtanding the receſs of fo many bubbles as broke on the top of 


- the Spirit of Urine, during all the time of the Experiment; yet 

' 1t ſcarcely appear at all to be ſunk below the mark : Nor-did 

© the mixture of Spirit of Wine and Water conſiderably ſubſide. 

* But that is nothing to what we obſerv'd in the Spirit of Wine, 

| for not onely it conſpicuouſly expanded it ſelf in the Neck of 

. the Veſflhat contain'd it; notwithſtanding the largeneſs of it, 
; O 


and 
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and that the Bubbles were wont to break at the top of it almoſt 
as ſoon as they arriv'd there : But upon the readmiſſion of the 
external Air, the Spirit of Wine retaind its newly acquired ex- 


| 
| 


: 
| 
; 
; 


b 


panſion. And though we let it alone for near an hour together, | 
in expetation that it might ſubſide ; yet when we took it out, 
we found it {till ſwell'd between a quarter and half an Inch above | 
the mark; and although it was not eaſily imaginable how this | 


Phenomenon could proceed from any miſtake in trying the Ex: 


periment, yet the {trangeneſs of it invited me to repeat it with | 


treth Spirit of Wine. Which, ſwelling in theNeck as formerly, 
I lett all night in the Receiver, allowing free acceſs to the ex- 
ternal Air at the Stop-cock, and the next day found it ſtill ex. 
panded as before, fave that it ſeem a little lower : which de. 
crement perhaps proceeded from the avolation of ſome of the 
fugitive parts of ſo volatile a Liquor. And tor better fatisfation 
having taken out the Glaſs, and conſider it in the open Air, 
and at a Window, I could not find that there was any remain- 


ing bubbles that could occaſion the perſevering and admir'd ex-: 


panſion. | 
EXPERIMENT XXY. 


Eing deſirous to diſcover what difference there might be as 
B to gravity and levity, between Air expanded under Water, 
and it ſelf before ſuch expanſion ; we took two very ſmall Viols, 
ſuch as Chymical Eſſences (as they call them ) are wont to be 


gure : into one of theſe we put ſo much of a certain ponderous 
Mercurial mixture ( hapning to be then at hand) that the mouth 


being ſtopt with a little ſoft Wax, the Glaſs would juſt ſink in 


Water and no more ; this we let fall to the bottom of a wide- 
mouth'd Chriſtal Jar, filld-with about half a pint of common 
Water, and into the ſame Veſſel we ſunk the other Eflence- 
glaſs unſtopd, with as much, water in it as was more than ſuf- 
ficient to make it ſubſide. Both thefe ſunk with their mouths 
downwards, the former being abour three quarters full of Air, 


the latter containing in i @ bubble of Air that was gueſsd to be 
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moſt wn of the bigneſs of half a Pea : This done, the wide mouth'd 
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Glaſs was let down into the Receiver, and the way of employ- 
ing the Engine was carefully made uſe of. 

The ſucceſs was, That having drawn out a pretty quantity 
of Air, the bubbles began to diſcloſe themſelves 1n the Water, 
as in the former Experiments ; and though for a good while af- 
ter the bubbles aſcended in ſwarms from the ſbwer parts of the 


©” * Water, and haſtily broke at the top ; yet we proſecuted the Ex- 


periment ſo long without ſeeing any efte&t wrought upon the 
Eſſence-bottles, that we began to deſpair of ſeeing of them riſe. 
But continuing to ply the Pump, that little Glaſs, whoſe mouth 
was open'd, came to the top of the Water, being, as it were, 
boy'd up thither by a great number of bubbles that had faſtned 
themſelves to the ſides of it ; ſwimming thus with the mouth 
downward, we could eaſily perceive that the internal Air above- 
mention'd had much dilated it ſelf, and thereby ſfeem'd to have 
contributed to the emerging of the Glaſs, which remain'd floa- 
ting, notwithſtanding the breaking and vaniſhing of moſt of 
the contiguous bubbles : being hereby incouraged to perſiſt in 


_ pumping, we obſerved with ſome pleaſure, that at cach time 
--: weturnd the Key, the Air in the little Glaſs did manifeſtly ex- 


pand it ſelf and thruſt out the Water, generally retaining a very 
protuberant ſurface. where it was contiguous to the remaining 


2 Water. And when after divers exſuc&tions of the Air in the Re- 
- ceiver, that in the Viol ſo dilated it ſelf as to expel almoſt all 
- the Water, it turnd up its mouth towards the ſurface of the 
> Waterin the Jar, and there deliverd a large bubble, and then 

: relapſed into its former floating poſture. And this Experiment 


taught us, among, other things, that it was a work of more 


.' time and labour than we imagind, to exhauſt our Engine as 
- muchasit may be exhauſted : - tor although before the emerging 
. of the ſmall Viol, we did (as hath been touch'd already ) think 
: Wwe had very conſiderably emptied the Receiver, becauſe there 
| ſeem to come out but very little or almoſt no ſenſible Air at 
- each exſuCtion into, and out of the Cylinder ; yet afterwards, 
-. at eachdrawing down the Sucker, the Air included in the Viol 


O 2 did 
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did manifeſtly dilate it ſelf, fo long, that it did no leſs than nine | 
times turn its mouth upwards, and diſcharge a bubble by con- | 
jeCture about the bigneſs of a Pea, after the manner newly re- | 
cited. But as for that Viol which had the weight in it, it roſe / 
not at all. So that being not able by quick pumping to gain | 
another bubble from the Air in the ſwimming Glaſs, which ' 
proceeded from fame ſmall leak in the Veſſel, though it held in ' 
this Experiment more ſtanch than was uſual, we thought fit to | 
let in leaſurely the Air from without, upon whoſe admiſſion | 
that within the Viol ſhrinking into a very narrow compals, the : 
Glaſs did, as we expe&ted, fall down to the bottom of the Jar. ' 
But being deſirous before we proceed to any new Experi-! 
ment, to try once more whether the little Glaſs, that had the: 
weight in it, might not alſo be raisd : After we had ſufferd:; 
the Engine to remain clos'd as it was, for five or fix hours, the} 
Pump was again ply'd with ſo much obſtinacy, that not onely 
about the upper part of the Jar there appeard a good number. 
of bubbles ( but very much ſmaller than thoſe we faw the! 
firſt time) but afterwards, there came from the bottom of the 
Jar, bubbles about the bigneſs of ſmall Peas : which the Pumy' 
being {till kept going, follow'd one another to the number of! 
torty, coming from the ſtopp'd Viol ; whoſe mouth, it ſeems, 
had not been ſhut fo ſtrongly and cloſely, but that the inclu-: 
ded Air, dilating it felt by its own ſpring, made it felt ſome: 
little paſſage betwixt the Wax and the Glaſs, and got away in! 
theſe bubbles; after which, the unſtopt Glaſs began to float: 
again, the Air fhut up in it being maniteſtly ſo dilated as to cx-: 
pel 2 good part of the Water, but not ſo much as to break quite: 
thorough. And at length, when. our expeCtation of it was al-; 
moſt tired out, the heavier of the two .Viols began to come aloft, 
and immediately to ſubſide again ; which appear'd to be oc-. 
caſion'd by the Air within it, whoſe: bulk and ſpring being 
weakend by the receſs of the forty bubbles before-mention'd, it 
was no longer able, as formerly, to break forcibly through the 
incumbent Water ; but forming a bubble at the mouth of the 
Glaſs, boycd it up towards the top ; and there getting ww 
elt. 
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left it to ſink again till the preſſure of the Air in the Receiver 
being farther taken off, the Air in the Viol was permitted to 
expand it ſelf farther, and to create another bubble, by which 
it was again for a while carried up. And it was remarkable, 
that though after having emptied the Receiver as far as well we 
could, we ceaſed from pumping ; yet the Veſſel continuing 
more ſtanch-than it was wont, this aſcent and fall of the Viol was 


rs repeated to the ninth time ; the included Air, by reaſon of the 


ſmallneſs of the vent at which it muſt paſs ont, being not able 
to get away otherwiſe than by little and little ; and conſequent- 
ly, in divers ſuch parcels.as were able to conſtitute bubbles, each 
of them big enough to raiſe the Viol and keep it aloft untill the 
avolation of that bubble. Whereby it may appear, that the 
grand rule in Zydroſtaticks, That a Body will ſwim in the Wa- 
fer, in caſe it be lighter than as much of the Water as equals it 
za bulk, will hold likewiſe when the preſſure of the Atmoſphere 
is in very great meaſure, if not when it is totally taken off 
from the Liquor and the Body : though it were worth inqui- 
ring what it is that fo plentitully concurs to fill the bubbles made 
in our Experiment by the ſo-much expanded Air. For to ſay 
with the old Peripatetick Schools, That the Air in rarefaCtion, 
may acquire a new extent, without the admiſſion of any new 
ſubſtance, would be an account of the Phenomenon very muclr 
out of date, -and which, I ſuppoſe, our Modern Naturaliſts 
would neither give nor acquieſce in. 

 E know not whether it may be requiſite to-add; that in this 
Experiment, as in the former, the outward Air, being let in; 
did ſoon precipitate the floating Viol. But I think it will not 
be amiſs to note, that (congruoufly to what hath been above 
recorded of the vaſt expanſion of the Air) the Water which in 
the heavier Viol; ſucceeded in the room of thoſe forty odd, if 
not fiity great bubbles of Air, which at ſeveral times got out. 
of it, amounted but.to a very. inconſiderable bigneſs: 


EXPE 
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EXPERIMENT XXVI. 


T having been obſerv'd by thoſe that have conſider'd what * 
|| belongs to Pendulums (a Speculation that may, in my poor | 
judgment, be highly uſefull to the Naturaliſts) that their Vi. | 
brations are more ſlowly made, and that their motion laſts leſs * 
in a thicker, than in a thinner Medium : We thought it not : 
amiſs to try if a Pendulum would ſwing faſter, or continue !' 
ſwinging longer in our Receiver, in caſe of exſuCtion of the | 
Air, than otherwiſe. Wherefore we took a couple of round : 
and poliſh'd Pendulams of Iron or Steel, of equal bigneſs, as : 
near as we could get the Artificer to make them, and weighing * 
each of them twenty Drachmes, wanting as many Grains. One : 
of theſe we ſuſpended in the cavity ol the Receiver by a very : 
ſlender ſilken ſtring, of about ſeven Inches and a half in length ! 
trom the Cover of the Receiver to which it is faftend. Then | 

| ( by inclining the Engine) we made the Pendulum fwing to | 
and fro in it, and deſcribe as long Arches as in the capacity of . 
fo brittle a Veſſel we thought ſafe and convenient. And one of 
the Aſſiſtants telling the recurſions of the other Pendulum hang- + 
ing in the free Air, by a ſtring of about the ſame length, we 
ſhortned and lengthned this other Pexdulam, till it appeard to | 
keep the ſame pace in its Vibrations, with that ſhut up in the | 
Receiver. Then having carefully drawn away the Air, we did | 
again ſet the Pendulum in the Receiver a vibrating ; and giving ' 
the other Pexdulum ſuch a motion as made it deſcribe an Arch, 
according to ones gheſs, equal to that of the included Pendulum; - 
we reckon'd, one of us, the Recurſions of that Pendulum which : 
was ſwinging within the Receiver 5 and another of us, that | 
which was moving in (that which one would think a much 
more reſiſting med;um) the Air. But once, one of us reckon'd 
near two and twenty Recurſions of the included Pendulum , 
whilſt the other reckon'd but twenty. of the Pendulum that vi- 
brated without. And another time alſo, the former of theſe 
Pendula was reckon'd to have made one and twenty Recurſions, 
wherein the other made but twenty : Yet this Experiment 
feem'd 
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* the common Doctrine of the Schools. 
'- nion hath been of late opposd by ſome Philoſophers upon the 
> account of an Experiment made by the Induſtrious X;rcher, and 
> other Learned Men : who have ( as they aſlure us) obſerv'd, 
* That if a Bell, with a Steel Clapper, be ſo faſten'd to the inſide 
- of a Tube, that upon the making the Experiment De Yacuo with 


z date ſuch a conſequence fro m this ingenious Experiment (though 


( 103) 
ſeem'd to teach us little, ſave that the difference betwixt the 
motion of fuch a Pendulum in the common Air, and in one ex- 
ceedingly rarefied , is ſcarce ſenſible in Vellels no bigger than 
our Receiver ; eſpecially, ſince though during this Experiment 
it held very well, yet we could not ſuppoſe it to be altogether 
devoid of Air. We obſerved alſo, that when the Receiver was 
full of Air, the included Pendulum continued its Recurſions about 
fifteen minutes ( or a quarter of an hour) before it left off ſwing- 
ing ; and that after the exſuction of the Air, the vibration of 


'” the fame Pendulum ( being freſh put into motion ) appear'd 


not ( by a minutes Watch ) to laft fenfibly longer. So that 


the event of this Experiment being other than we expeCted, 


ſcarce afforded us any other fatisfattion, than that of our not - 


-- having omitted to try it. And whether, in caſe the trial be 


made with a Pendulum much lefs diſproportionate to the Air 
than Steel is, the event will much better anſwer expeQation, 
experience may be conſulted. \ 


EXPERIMENT XXVIL 


HAT the Air is the medium whereby ſounds are con- 
veyd to the Ear, hath been for many Ages, and is yet 
But this Received Opi- 


that Tube, the Bell remain'd ſuſpended in the deferted ſpace at 


"| the upper end of the Tube : And if alſo a vigorous Load-ſtone 


be apply'd on the outſide of the Tube to the Bell, it will attract 


"ek Clapper, which upon the removal of the Load-ſtone falling 


back, will ſtrike againſt the oppoſite fide of the Bell, and thereby 
produce a very audible ſound ; Whence divers have concluded, 


That tis not the Air, but ſome more ſubtle Body that is the 


medium. of ſounds. Bur becauſe we conceiv'd that, to invali- 


the: 
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the moſt luciſerous, that could well be made without ſome ſuch 
Engine as ours) ſome things might be ſpeciouſly enough alledg'd; 
we thought fit to make a trial or two, in order to the diſcove. 
ry of what the Air doth in conveying ot ſounds, reſerving di- 
vers other Experiments triable in our Engine concerning ſounds, | 
till we can obtain more leaſure to proſecute them. Conceiving 
it then the beſt way to make our trial with ſuch a noiſe ag 
might not be loud enough to make it difficult to diſcern lighter | 
variations in it ; but rather might be, both laſting, (that we 
might take notice by what degrees it decreasd ;) and ſo ſmall; 
that it could not grow much weaker without becoming im-| 
perceptible. We took a Watch, whoſe Caſe we open'd, that 
the contain'd Air might have free egreſs into that of the Re-; 
ceiver. And this Watch was ſuſpended in the cavity of the Ve: | 
ſel onely by a Pack-thread, as the unlikelieſt thing to convey a 
ſound to the top of the Receiver : And then cloſing up the Vel. | 
ſel with melted Plaiſter, we liſten'd near the ſides of it, and: 
plainly enough heard the noiſe made by the ballance. Thoſe! 
alſo of us, that watch'd for that Circumſtance, obſerv'd, that: 
the noiſe ſeem'd to come dire&ly in a ſtreight Line, from the: 
Watch unto the Ear. And it was obſervable to this purpoſz, 
that we found a manifeſt diſparity of noice, by holding our 
Ears near the ſides of the Receiver, and near the Cover of it : 
which difference ſeem'd to proceed from that of the Texture of! 
the Glaſs, from the ſtrufture of the Cover (and the Cement ) 
through which the ſound was propagated from the Watch to: 
the Ear. But let us proſecute our Experiment. 'The Pump: 
after this being imploy'd, it ſeem'd that from time to time the 
ſound grew fainter and fainter ; ſo that when the Receiver was 
empty'd as much as it usd to be for the foregoing Experiments, / 
neither we, nor ſome Strangers that chancd to be then in the 
Room, could, by applying our Ears to the very ſides, hear any 
noiſe from within ; though we could eaſily perceive that by the 
moving of the hand which mark'd the ſecond minutes, and by | 
that of the ballance, that the Watch neither ſtood ſtill, nor re- 
markably varied from its wonted motion. And to _ = 
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ſelves farther that it was indeed the abſence of the Air abour the 
Watch that hinderd us from hearing it, we kt in the externa} 
Air at the Stop-cock, and then, though we turnd the Key and 
ſtopt the Valve, yet we could plainly hear the noiſe made by 
the ballance, though we held our Ears ſometimes at two Foor 
diſtance from the outſide of the Receiver. And this Experi. 
ment being, reiterated into another place, ſucceeded aſter the 
like manner. Which ſeems to prove, that whether or nothe Air 
be the only, it is at leaſt, the principal medium ot Sounds. And 
by the way it is very well worthnoting, that ina Vellel fo well 
closd as our Receiver, ſo weak a pulſe as that of the ballance 
of a Watch ſhould propagate a motion to the Ear in a Phyſical. 
ly ſtreight Line, notwithſtanding the interpoſition of .fo, cloſe 
a Body as Glaſs, eſpecially Glaſs of ſuch thickneſsas that of our 
Receiver : ſince by this it ſeems that the Air imprifon'd'in the- 
Glaſs, muſt, by the motion of the ballance, be made to bear 


' againſt the concave part of the Receiver, ſtrongly enough to 


make its convex part beat upon the contiguous Air, and fo 
propagate the motion to the Liſtners Ears. _ I know this can- 
not but ſeem ſtrange to thoſe, who, with an eminent Modern 
Philoſopher, will not allow that a Sound, made in the cavity 
of a Room, or other place ſo closd, that there is no intercourſe 
betwixt the external and internal Air, can be heard by thoſe 
without , unleſs the ſounding Body do immediately ſtrike 
againſt ſoine partof the incloſing Bo Y- But not having now 
time to handle Controverſies, we ſhall onely annex, That after 
the foregoing Experiment, we took a Bell of about two Inches 
in Diameter at the bottom, which was ſupported in the mid'ſt 
of the cavity of the Receiver by a bent ſtick, which by reaſon 
of its Spring preſsd with its two ends againſt the oppoſite parts 
of the inſide of the Veſſel: in which, when it was clos'd up, 
we obſerved that the Bell ſeemed to ſound more dead than it did 
when juſt before it ſounded in the open Air. And yet, when 
aiterwards we had (as formerly) emptyed the Receiver, we 
could not diſcern any conſiderable change ( for ſome ſaid the 
obſerv'd a ſmall one) in the loudneſs of the ſound. Whereby it 
6 OR rd P | ſecmned 
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(106) | 
ſeemed that though the Air be the principal medium of found 
yet either a more tubtle matter may be alſo a medium of it, 
Elſe an ambient Body that contains bnt very few particles of Air 
in compariſon of thole it is eaſily capable of, is ſufficient fo 
that purpoſe. And this, among other things, invited us tt 
conſider, whether in the above-mentioned Experiment mad 
with the Bell and the Load-ſtone, there might not in the defer 
ted part of the Tube remain Air enough to produce a ſound 
ſince the Tubes for the Experiment De Yaczo (not to mentivt 
the uſual thinneſs of the Glaſs) being ſeldom' made greater thu 
is requiſite, a little Air might bear a not inconſiderable propet 
tion to the deſerted ſpace : And that alſo, in the Experimen 
De Vacuo, as it is wont to be made, there is generally ſom 
little Air that getsin from without ; or atleaſt ſtore of bubbk 
that ariſe from the Body of the Quick-filver, or other Liquq 
it ſelf, Obſervations heedfully made have. frequently informe 
us: And it may alſo ”—_ by what hath been formerly deli 
vered concerning the 7orrice/:an Experiment. 

On the occaſion of this Experiment concerning 'founds, we 
may add in this place, That when wetriedthe Experiment for 
merly mentioned, of firing Gun-powder with a Piſtol in ou 
evacuated Receiver, the noiſe madeby the ſtriking of the Flin 
againſt the Steel, was exceeding languid in compariſon of what 
it would have been. in the open Air. And on divers other o6 
caſiotis it appeared that the ſounds created within our exhauſts 
Glaſs, if they were not loſt before they reach'dthe Far, ſeem 
at leaſt to arrive there very mach weaken'd. We intended ty 
try whether or nothe Wire-ftring of an Inſtrament ſhut up in 
to our Receiver, would, whenrhe ambient Air was ſuck'd out, 
at all tremble, if ih another Inftrumentheld cloſe toit; but with 

'6ut the Receiver, a ſtring tuna (as Muſicians fpeak, how pro- 
perly I now examine ow to an Uniſon with i, were briskly: 


toucht, and ſet a Vibrating. This, Ifay, wepurpos' to tryto 


ke how the motion made in the Air without, would be props! 
gated through the cavity of our evacuated Receiver. But when 
the Inſtrument 'wherewith the tryal was to be made came to. 

be 
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| be- imploy'd, it prov'd too big to go into the Pneumatical 


it, or {® Veſſel: and we have not now the conveniency to have a 
of Air, fitter made. | 
nt for: | 

us th] We thought likewiſe to convey into the Receiver a long and 
t mak lender pair of Bellows, made after the faſhion of thoſe uſyally 
defer. employ'd to blow Organs, and furniſhed with 2 ſmall Muſical 


ſound: inſtead of an ordinary Pipe. For we hop'd, that by means of 
= a ſtring faſtned to the upper part of the Bellows, and to the 
2 moveable ſtopple that makes a part of the Cover of our Recei- 
#” ver, we ſhould, by frequently turning round that ſtopple, and 
> the annexed ſtring, after the manner already often recited, be 
> able to lift up and diſtend the Bellows; and by. the help of -a 
2 competent weight faſtned to the ſame upper part of the Bellows, 
= we ſhould likewiſebe able, at pleaſyre, to compreſs them: and 
by conſequence, try whether, that ſubtler matter than Ai 
- (which, according to thoſe that deny a Vacuum, muſt be ſup- 
= posd to fill the exhauſted Receiver) would be able to produce 
© a ſound in the Muſical Pipe; or in a Pipe like that of ordinary 
-.: Bellows, to beget a Wind capable to turnor ſet on moving ſv6me 
> very light matter, either ſhap'd like the Sails of a Wind-Mill, 
int. .; or of {ome other convenient form, and expoſed to its Orifice, 
27 ThisExperiment, I fay, we thought to make, but have- not 
2 yet attually made it for want of an Artificer to make us ſuch a 
ZZ pair of Bellows as it requires. 
2 We had thoughtsallo of trying whether or no, as Sounds 
- made by the Bodies in our Receiver become much more languid 
- up in} | than ordinery, by reaſonof the want of Air: fothey would grow 
- ſtronger, in caſe there were an unuſual quantity of Air crouded 
1twith:-, 4nd ſhut up in the ſame Veſſel, Which may be done (though 
w pro. fot without ſome difficulty) by the help of the Pump, provi- 
briskly. ; ded the Cover and Stopple be fo firmly faſten'd (by binding 
) tryto//; and Cement, or otherwiſe) to the Glaſs and to eachother, that 
prop. | Hhiere be no danger of the condenſed Airs blowing of either of 
t when. them away, or its breaking through the jun&ures. Theſe 


ame to. thoughts, My Lord, as I was ſaying, we entertain'd; but for 
4 Fx want 
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want of leaſure, as, of as good Receivers as ours, to ſubſtitute 
in its place, in caſe we ſhould break it before we learnd the 
Skill of condenſing the Air in it, we durſt not put 'them in 
prattice: Yet, on this occaſion, give me leave to advertiſe Your 
Lordſhip once for all, That though for the reaſons newly inti- 
mated, we have, Only in the ſeventeenth Experiment, taken 
notice, that by the help of our Engine the Air may be con. 
densd as well as rarefied; yet there are divers other of our Ex. 
periments, whoſe Phenomena it were worth while to try to 
vary, by means of the compreſſion of the Air. 


EXPERIMENT XXVIIL ., | | 


E taught, among divers other things, when we dif. 

y y courſed of our firſt Experiment, That the Air ſhut up 
in our Receiver, preſſeth as ſtrongly upon the Bodies ſhut up, 
with it, as if they were expoſed to the preſſure of the whole! 
Atmoſphere. That this was not inconſiderately propounded, 
we hope Your Lordſhip hath gather'd from divers of the things 
already recited : But yet perhaps it will not be amiſs to ſubjoin, 
by way of farther confirmation of the ſame truth, the follow 
ing Experiment : which would have accompanied the 2oth,! 
but the Paper wherein the one was written chanced not to be! 
at hand, when the other was ſent away. TED : 
We conveyd into the Receiver a new Glaſs Viol, capable of 
holding about 6 or 7 ounces of Water, into which we had before 
put 2 or 3 Spoonfulls of that Liquor, and ſtopt it cloſe with a: 
fit Cork. The Pneumatical Veſlel being emptyed, there ap-! 
pear'd not any change in the inclosd Water, the Air impriſon- 
ed with it, not having the force toblow out the ſtopple. Which! 
event, though it were no other than we expeRted, was differing: 
from what we deſird. For we would gladly have ſeen what ' 
change would have appeared in the Water upon the Bottles be: 
ing ſuddenly unſtoppd, in a place where the ambient Body 
was ſo differing from our common Air. Wherefore we did again | 
put in the Viol, but lefs ſtrongly closd than formerly, though 
as ftrongly ſtopt as ſeem'd requiſite on ordiaary — . 
| ut 
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But when the Air was pumped out of the Receiver, that withr 
in the Viol did quickly, as we expected, find or make it felt 
little paſſages to get out at: as we argued, from this, That where- 
as when the Viol was put in the time before, the' Water re- 
mained all the while perfe&ly free from bubbles; at this time 
the bottom of the Glaſs appear'd all covered with them, and 
they, upon the egreſs of the excluded Air into the Receiver, 
did prefently flag and ſhrink up. fats 
From theſe trials it ſeem'd deducible enough, that whilſt the 
Viol continued to be well ſtopt, the included Water did, from 
the Air, ſhut up with it, ſuſtain a preſſure equal to that of the 
Atmoſphere; ſince till the Air could get out of the Glaſs, there 
appeared no bubbles in the Water, notwithſtanding the want 
of preſſure in the ambient Body. 7 6 
But to be ſure to reach the chief end of our Experiment, we 
made uſe of this other expedient : We cauſed a convenient 
quantity of Water to be pat, and Hermetically ſhut up into a 
Glaſs Egg, whoſe long Neck ( which was purpoſely made of 
an unequal thickneſs) was faſtened to one end of a ſtring, 
whoſe other end was tied to the Coyer of our Receiver, after 
the manner elſewhere mentioned already : Then the Egg being 
conveyed into. the Pneumatical Veſſel, and ;that being evacu- 
ated, we did, by turning the braſs Stopple formerly deſcrib'd 
among(t the parts of our Engine, ſo ſhorten the ſtring as to 
break the Glaſs; whereby liberty being given to the Air im- 
priſoned in the Egg, to paſs into the cavity of the Receiver, 
the ſudden receſs ot the Air made the bubbles in a trice appear 
ſo numerous,. and aſcend ſo ſwiftly in the Water, that their mo- 
tion look'd like that of a violent ſhower of Rain; fave that the 
bubbles did not, like the drops of Rain, tend downwards, but 
upwards. Which made me reſemble this Phaznomenon to what 
I have ſeen happen in the diſſolution of Seed-Pearl in ſome acid 
Menſtruum, in which, if a good quantity of thelittle Pearls be caſt 
whole, they will at firſt, if the Men/?raum be ſharp enough, be 
carried in ſwarms from the bottom to the top of the Liquor, 
We will add, that without ſealing up the Glaſs, this Expe- 
P 3 riment 
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riment may be tryed in one of our ſmalleſt Receivers. For 
there the exſuCtion of the ambient Air may be performed fo- 
nimbly, that immediately the bubbles Iurking in the Water 
are allowed to diſplay themſelves, and aſcend in throngs; info- 
much, as having in ſuch a Receiver try'd the Experiment 
with Wine as a more ſpirituous Liquor) inſtead of Water, the | 
Red-Wine appeared all coverd, with a copious, but vaniſhing 
-white Froth, almoſt as if a Veſſel full of bottld drink had been | 
unwarily opened. F 
EXPERIMENT XXIX. 


T-may not 4 little conduce to the clearer explication of divers | 
] Points in the Doctrine of Meteors, and perhaps of ſome | 
other Phyſiological difficulties, to diſcover what the Air doth | 
to the motion of thoſe Steams or Exhalations that aſcend into it, | 
namely, Whether they mount upwards by virtue of any ſuch Þ 
poſitive levity (as ſome Peripateticks ſpeak) acquird together | 
with their Aerial nature, as inables them to pierce through pare | 
of the Atmoſphere, and over-come its reſiſtance. Or elſe, whe: |: 
ther theſe ſteams being once raiſed above the Earth by their agi- | 
tation, have their aſcent and ſuſtentation aloft, rather promo- **: 
ted than hindred by the Air: as the inferior parts of that, being |: 
thicker and heavier than the ſuperior, theſteams can more eaſily | 
continue for a while their agitation upwards than downwards; 
Andafterwards are by the ſame fluidity and thickneſs of the Air, 
carried to and fro in it, and kept from relapſing to the Earth : | 
as in the Sea-Water the faline parts are _ from ſubſiding by Z 
thoſe aqueous ones wherewith they are aſſociated. ; 

We hopd to illuſtrate this matter, by obſerving the motion 
of the ſmoke, proceeding from kindled or flaming Bodies in 7 
our exhauſted Receiver. But as we formerly noted, upon the 
exſuction of the Air, the ſmoking of thoſe Bodies preſently 
ceasd. We had thoughts alſoof conveying into our Pneumartical © 
Glaſs a hot Tron, with ſome Bodie eafie to be diſſipated into ' 
ſmoke ſet upon it, but conſiderd, that neither was that way 
free from inconveniencies; eſpecially this, that the hot Body 
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would make the Impriſoned Air circulate within the Receiver, 
and conſequently make it queſtionable whether the aſcent of 
the ſteams would not be due to the new and acquired motion 
of the Atr. BE — a, «© Ha ia 
© Wherefore I bethought my ſelf of another way to fatisfie in. 
ſome meaſure my curioſity, to wit, by means of a certain Li- 
uor, which I call'd to mind that ſome yearsago I had (for a de- 
ign that belongs not toour preſent purpoſe) prepard; which, I. 
ſuppoſe, I ſhew'd Your Lordſhip, and which had the luck to be 
taken notice of by divers very Ingenious and Famous Men. For 
this Liquor, though moſt of its Ingredients be Metals, and all 
of them ponderous enough, is yet of that nature, that whilſt 
the Viol wherein it is kept is ſtopt ( how ſlight a Cover ſoever) 
both the Liquor and the Glaſs are tranſparent ; and ſo is that 
upper half of the Glaſs to which the Liquor reacheth not :- But 
as ſoon as ever the ſtopple is taken out, and full acceſs is given 
to theexternal- Air, both the inward part of the Cork, and the 
Liquor it felf, do preſently ſend upwards, and ſcatter abroad a 
fume asthick and white, as if there were a quantity of Alaba- 
ſter-duſt thrown up into the Air: And this {moaking:of the Li- 
quor laſts till my unwillingneſs to waſte'it invites me' to ſtop it 
again, and then the aſcenſion of the fumes ſuddenly ceaſeth, till 
the Vio! be again unſtopd. | 
This fuming Liquor then T thought would much conduce to. 
the diſcovery I deſrd to make, fince it favd me theneed of con- 
veying any hot Body with it into the Receiver, and would not 
darken it with fames before the time. Wherefore having ry'd 
to the Viol a great weight of Lead, to keep it from being lifted 
up by the drawing out of- the Cork ; and having ty'd to the 
ſopple one end of a ſtring,' of which the other end was made 
faſt to the Cover of the Pneuinatical Glaſs, the Liquor was 


-: carefully closd upaſter thewonted manner; then the Air being 


, 


d out, the Viol was unſtopd in the.empry'd 
Receiver. And though immediately, upon the drawing out of 


© the Cork, there appeard to be as'it were thrown up ſome white 
- fumes, which ſeem'd to proceed from the Air before impriſon'd. 
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in the Viol, anddiffuſing it ſelf ſuddenly into the capacity of the 
Receiver: Yet we afterward obſervd, as we expeCted, That 
the fumes did not amount and diſperſe themſelves as they uſed 
to do in the open Air; but that, when by reaſon of the agitati. 
onof the Corpuſcles of-the Liquor, which could not continue 
their motion in ſonarrow a ſpace as the Viol afforded them, and 
were therefore reduc'd to thruſt one another out of it ; when, ] 
ſay, by theſe aſliſtances the fumes were aſcended to the lip of 
the Viol, they mounted no higher, but ran down along the ont. | 
ſide of the Viol to the bottom of it; and thence along, a lon 
and inclining pieceof Lead, on which the Viol reſted, like 
little Stream (not very much bigger than a Swans Quill) whoſe 
nature they ſeem'd to emulate 1o well, that it quitted not the} 
Viol till it was come to the bottom of it, and then forſook it in | 
ſuch a manner'a as ſtream of Water of the ſame bigneſs would| 
have done. And this ſtream laſted a pretty while, and would} 
probably have laſted longer, but that being loath to waſte my} 
Liquor, I let in at the Stop-cock a pretty deal of the external} 
Air; notwithſtanding which, findingafter a while that the ſtream? 
did run afreſh, though, as it ſeem'd not altogether ſo copious as} 
before ; I let as much more Air, as would come. in: and found} 
(ſomewhat to my wonder) that though the ſtream formerly} 
mention'd diſ-appear'd, yet there appear d not any white fumes to! 
ariſe, either from the Cork, or ' out of the Viol it ſelf, no nots 
when the Cover wasremov'd from the Receiver; though not on} 
ly after a while there aſcended white fumes from the Receiver:s 
but having forthwith taken out the Viol into the open Air, it? 
emitted white exhalations as before ; and having preſently after? 


unſtopp{d it in an open Window, we found both it and the Cork| 


immediately to ſend forth a; yet much, more plentifull ſmoak:? 
Thoughit benow divers years ſince this Numerical Liquor was! 
prepared,after the manner mention'deither by Carzeiadesor Eleu | 
therius (for I do not well remember which) in thoſe Dialogues : 
concerning Heat and Flame that have above been mention. | ! 

More circumſtances concerning theſe Fumes we might have * 
obſerv'd, had we not been deterrd by an Indiſpoſition in point ' 
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of health, from having much to do with ſteams of fo dange- 
rous a nature, as by that of the Ingredients of this Liquor 
theſe ſeem likely to be of. 

The reflexions that may be made upon this Experiment, we 
have not now the leaſure to proſecute, and theretore ſhall con- 
tent our ſelves to recommend the ſeveral circumſtances of it 
to Your Lordſhip's ſerious conſideration ; and to take notice (ew 
paſſant,) that ſteams in an ambient Body, or a medium thinner 
chan themſelves, may both tend downwards, and otherwiſe 
emulate the nature of a Liquor; which I theretore point at, that 
it may appear the leſs ſtrange, if we ſometimes ſpeak of the At- 
moſphere as of a kind of Liquor, in comparifon of that more thin 
and ſubtle Celeſtial matter that ſurrounds it. 

And though it might perchance ſuffice to haye on this occaſion 
intimated thus much; yet, leſt this way of ſpeaking of the At- 
moſphere thould be thought too bold and extravagant, I am con- 
tent to borrow an Experiment of the diſcourſe tormerly men- 
tiond (touching fluidity and firmneſs) and ſubjoyn it here with 
alterations ſuitable to the contrivance of our Engine ; and this 
the rather, becauſe I hope it may conduce to the diſcovery of 
the nature of the Atmoſphere : for which reaſon it might have 
been annext to what hath been noted either upon the firſt, or 
eighteenth Experiment, but that when they were written and 
ſent away, it came not into my mind. The Experiment then 
as we tryd in our Engine, was as follows. 


EXPERIMENT XXX. 


E took one of the ſmall Receivers, often mention'd 

axeady, and into it we convey'd a piece of well lighted 
Match ; and letting it remain there till it had filld the Receiver 
with ſmoak, we took it out and haſtily closdagain the Receiver, 
that the ſmoak might not get away. Then ſtaying awhile to let 
theſe fumes leiſurely ſubſide, we found, as we expected, that af- 
ter ſome time they ſetlked themſelves in the lower half of the 
Receiver ina darkiſh Body, leaving the upper half of the Re- 


celver tranſparent, and as to ſight, full of nought but clear 
Air. 
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Air. Now to manifeſt that this ſmoak thus ſetled emulated a 
Liquor, we inclind the Engine that contain'd it, ſometimes to 
one ſide, and ſometimes to the other ; and obſerv'd the ſmoak 
tokeepits ſurface almoſt Horizontal, notwithſtanding the ſtoo- 
ping of the Veſſel that held it, as Water, or another liquor 
would in the likecaſe have done. Anditf by a quicker rocking of 
the Engine the ſmoak were more ſwittly ſhaken, it would, like 
Water, either vibrate to and fro from one ſide tothe other of the 
Glaſs, or elfe have its ſurface manifeſtly curl'd with Waves, but 
preſerve its ſelf in an entire and diſtin&t Body from the incum- 
. bent Air; and being permitted to reſt a while, would ſoon re- 
cover its former ſmooth and level Superficies. If alſo the Key 
were turnd and the Valve unſtopp'd, ſo that there was a free, 
though but a narrow paſſage open'd betwixt the external Airand 
' the cavity of the Receiver, then would ſome of this ſmoak fall 
down, as it were, ina ſtream into the ſubjacent Cylinder, and 
a proportionate quantity of the outward Air, would manifeſtly 
aſcend through it into the incumbent Air, 'much after the ſame 
manner as if you invert a Viol with a long neck, and well filld 
with Red-Wine, into a Glaſs full of fair Water, you ſhall ſee the 
Water and Wine by degrees mingle with one another; the one 
falling down as it were in little colour'd ſtreams, and the other aſ- 
cending in its room inthe like curled ftreams, ſometimes prece- 
ded by round parcels of Water, which, by reaſon of their tran- 
{ſparency, look almoſt like bubbles. The other circumſtances 
of this Experiment, belonging not all of them to our preſent” 
purgoſe, we ſhall content our ſelves with taking notice of one 
which ſeems the moſt important, and may illuſtrate and confirm 
fome things formerly delivered. And it was, That if, when 
the /aperfictes of our ſmoak lay ſmooth and Horizontal, a hot 
fron were held near the outſide of the Receiver, the neighbou- 
ring part of the included fumes (for the reſt did not very much 
alter their former ſperjicies ) being rarified by the heat, would 
readily; aſcend in a large Pillar of ſmoak to the very top of the 
Receiver, yet without ſeeming to loſe a diſtin Roofeter or 
to Le confounded with Air ; below which, upon the receſs of 
: the 
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the adventitious heat that by agitating it impelld it upward, it 
would again ſubſide. , | ; 

All which being added to the late Experiment of the ſmoak- 
ing Liquor, and to what may be from that which hath been 
elſewhere ſaid, gather'd to the fame purpoſe, will, Phope, keep 
it at leaſt from appearing abſurd, If, ſince we ſee that there is fo 
great an inequality in the denſity and weight of Liquors, that 
Water is near fourteen times thinner or lighter than Quick-ſilver 
of the ſame bulk; and well dephlegm'd ſpirit of Wipe, yet much 
lighter than Water, weventure to ſpeak ſometimes of the Atmoſ:- 
phere, as if it were a'peculiar kind of thin and halitious Liquor 
(if I may fo call it) much lighter than Spirit of Wine. 

To theſe things I know not whether it will be requiſite to 
add, That as we lately took notice of conſpicuous Waves that 
appear'd upon the ſuperficies of our agitated ſmoak : So ſome 
ſuch thing may not abſurdly be conjetturd to happen on the ſu- 
perficies ot the Atmoſphere, by thoſe ſtrange-ruggedneſles that 
appear (eſpecially in the Spring and Fall, when Exhalations and 
| Vapours are wont to aſcend moſt plentifully) upon the limb or 
_ edgeof the Riſing and Setting Sun. I ſpeak thus diffidently 
upon this occaſion, becauſe I know, that by the FluQtuation 
or Boyling of the Suns own ſaperficies, divers eminent Mathe- 
maticians have plauſibly enough (but how truly, I leave Your 
Lordſhip to judge) endeavour'd to give an account of it. But 
if we will joyn with thoſe that have aſcrib'd of late this Pheno- 
menon, to the refrattion the Sun-beams ſuffer in our vapid 
air, we may, as hath been intimated, promote their Doctrine, 
by deducing from it, That probably the ſurface of the Atmoſ- 
phere is oftentimes (if. not always) exceedingly curPd or way'd. 
And certainly it is ſomewhat wonderfull, as well as very plea- 
ſant to behold, how, to him that looks upon the ſetting Sun 
through a long and excellent Teleſcope, there will not only 
appear ſtrange inequalities in the edge of it (infomuch that I 
have often ſeen it more indented than'a Saw) but thoſe inequahi- 
ties will vaniſh in one place, and preſently appear in another, and 
em perfe&ly to move like Waves ſucceeding and deſtroying 
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one another, ſave that their motion oftentimes ſeems to be 
quickeſt; as if in that vaſt Sea they were carried on by a Cur- 
rent, or at leaſt by a Tide. And this (as we elſewhere note ) 
appears to the Eye, not only when it looks directly through the 
Teleſcope uþon the Sun; but alſo when a large and well detin'd 
Image of the Sun is by the ſame Teleſcope brought intoa Room 
and caſt upon a ſheet of. white Paper. But to inſiſt on this 
were to digreſs:. and therefore I will proceed to Experiments of 
another king 


EXPERIMEN T XXXI. 


T hath been admir'd by very ingenious Men, that if the exqui- 
] ſitely poliſh'd ſurfaces of two flat pieces of Marble, be fo con- 
gruous to each other, that from their mutual application there 
will reſult an immediate conta@t, they will ſtick ſo faſt together, 
that. he that lifts up the uppermoſt, ſhall, it the undermoſt be 
not exceeding heavy, lift upthat too, and ſuſtain it aloft in the 
free Air. A probable cauſe of this ſo cloſe adheſion, we have 
elſewhere endeavoured to deduce from the unequal preſſure of 
the Air upon the undermoſt ſtone ; For the lower ſuperficzes of 
that itone being freely expos'd to the Air, is preſsd upon by it, 
whereas the uppermoſt ſurface, being contiguous to the ſuperior 
ſtone,is thereby defended from the preſſure of theAir;which conſe- 
quently prefling the lower ſtone againſt the upper, hinders it from 
talling, as we have elſewhere more tully declard. Upon theſe 
grounds we conjectur'd, that in caſe we could-procure two Mar- 
bles exaQtly ground to one another, and in caſe we could alfo fu: 
ficiently evacuate our Receiver; the lower ſtone would,for want of 
the wonted and ſuſtaining preſſure of the Air, tall from the upper. 
But the farther trial of this Experiment we muſt, unleſs Your 
Lordſhip think it worth Your making at Par/s, put off till a fit- 
ter opportunity. For where wenow are, we cannot procure Mar- 
bles ſo exattly ground, that they will-ſuſtain one another in the 
Air above a minute or two, whichisa much ſhorter time than the 
emptying of our Receiver requires. We did indeed try to make 
our Marbles ſtick cloſe together, by moiſtening; their poltſh'd ſur- 
faces 
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faces with re&ifi'd ſpirit of Wine, in regard that liquor, by its 
ſudden avolation from Marble, if pour'd thereon, without leaving 
it moiſt or leſs ſmooth, ſeem'd unable to ſuſtain them together 
after the manner of a glutinous Body, and yet ſeem'd fuffcient 
to exclude and keep out the Air. But this we try'd to little pur 
poſe, for having convey'd into the Receiver two black ſquare 
Marbles (the one of two Inches and a third in length or breadth, 
and ſomewhat more than halt an Inch in thicknels : The other 
of the ſame extent, but not much above halt ſo thick) faſten'd 
together by the intervention of pure ſpirit of Wine; and ha- 
ving ſuſpended the thicker by a ſtring from the cover, we found 
not that the exſuQtion of the ambient Air would ſeparate them, 
though a weight amounting to four Ounces were faſten'd to the 
lowermoſt Marble to tacilitate its falling of. 

I would gladly have the Experiment try'd with Marble, ſo well 
poliſh'd, as to need no Liquor whatſoeverto make them cohere, 
and in a Veſſel out of which the Air may be more pertectly 
drawn than it was out of ours. But in the meantime, though 
we will not determine whether the ſpirit of Wine did contri- 
bute to the ſtrong coheſion of theſe ſtones, otherwiſe than by 
keeping evn the ſubtleſt parts of the Air from- getting in be- 
tween them : yet it ſeemed that the not falling down of the 
lowermoſt Marble, might, without 1mprobability, be aſcrib'd 
to the preſſure of the Air remaining in the Receiver; which, as 
weformerly noted, having been able to keep a Cylinder of Wa- 
ter, of above a Foot in height, from falling to. the bottom of 
the Tube, may. well enough be ſuppos'd capable of keeping ſo 
broad a flat Marble from deſcending. And though this may ſeem 
a ſtrange proof of the ſtrength ot the ſpring of the Air, ev'n 
when rarefied, yet it will ſcarce ſeem incredible to him that hath 
obſerv'd how exceeding ſtrong a-coheſion may be made betwixt 
broad Bodies, only by their immediate touching one another. 
A notable inſtance of which, T met with in this ſhort Narra- 
tive of the Learned Zucchius. Fuveni (faith + p, yic. zucchins apud 
he) lacertorum ſuorum robur jaftanti propofita Scbit. part. 1. Mec. 


ſemel eſt lamina e@rea, per anſam in medio ex- Hydranlopneum. 
Q 3 tantem 
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tantem apprehenſam elevanda & tabula marmorea, cut optime cou. 
gruebat : qui primo tanquam ren ludicram puero committendam 
contempfit : tum inſtantibus amicis manum utrimque admovens, 
cum Iuftatus diu harentexs non removiſſet, excuſavit impotentiam, 
objetta peregrini & potentiſſimi glutinis inter poſit ione, quo fortifj. 


' me copulante nequiret divelli ; donec vidit ab alio per tabulam 


facilime laminam deduci, & ad extrema produttam, & attam in 
tranſuerſum inde deportari. But that we may learn from our, 
own Engine, that two Bodies, though they touch each other 
but in a ſmall part of their ſurfaces, may be made to cohere 
very ſtrongly, only by this, That the Air preſſes much more 
forcibly upon the inferiour ſuperficies of the lowermoſt Body, 
than upon the upper ſurface of the ſame: We will hereunto 
annex the following Experiment, though out of rhe order 
wherein they were made. 


EXPERIMENT XXXII. 


F Remember I have, ina Diſcourſe touching Fluwity and Firm. 

neſs, made mention of my having, by the exſuction of the 
Air out of a GlaſsVeſlel, made that Veſſel take up, or ſuck up 
(to ſpeak in the common Language) a Body weighing divers 
Ounces; but our Engine affording usthe opportunity of making 


conſiderabler Experiments of that kind, We thought fit to make 


a further trial of the force of the Atmoſphere's preſſure upwards, 
after the following manner. | Fo 

The Receiver having been exquiſitely clos'd- as we have of- 
ten taughtalready, and the Air being in a good meaſure drawn 
out of it, it was remov'd from oft the Pump: and to the lower 
branch of the Stop-cock, there was ſpeedily apply a tapering 
Valve of braſs, ſuch as is deſcribed in the 9th Figure, made fit 
to go with its narrower end into the cavity of the branch, and 
to fill the Orifice of that cavity with its broader part. And 
that the Air might not get inat the little intervals, left here and. 
there between the convex ſurface of the {toppk and the inter- 
nal edge of the branch, thoſe intervals were ſtopt with a little 
Diachylon. And to the door, or, {it you pleaſe) that part of 


the 
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the Valve which was to move to and fro, and in this Experi- . 
ment hung perpendicular to the Horizon, there was, at a but- 
ton of braſs belonging to the Valve, faſtend a broad ſcale 
wherein weights were to be put. This done, the Key of the 
Stop-cock was turn'd, and the external Air beating like a forcible 
ſtream upon the Valve to get in there, it did fuddenly both ſhut 
the Valve and keep it ſhut ſoſtrongly, that we had time to caſt 
in divers weights one after another into the Scale; till at length. 
the weight overpowering the preſſure of the Atmoſphere, drew 
downthe Valve by the ſtrings that tied the Scale to it, and gave 
liberty to the outward Air to ruſh into the Receiver. Though 
another time, - when the Valve had but little weight hanging at 
it, being, by I know not what accident, drawn down beneath 
its former place, it was by the 1mpetuous current of the out- 
ward Air ſuddenly impell'd up into it again, and: kept there, 
But in the former Experiment it is remarkable, That though 
the Receiver were not well exhauſted, and though it leak'd whilſt 
the reſt of the Experiment was 1n proſecution: and though the 
Valve whereon the Cylinder of the Atmoſphere could preſs, were 
not above an Inch and a half in Diameter, yet the weight kept 
up by ſuction,or rather ſupported by the Air, (namely the Valve, 
the Scale and what was caſt out of it,) being ſent to be weigh'd, 
amounted to about ten of our common Pounds, conſiſting of 
ſixteen Ounces a piece : So that we doubted not but that, had 
the Experiment been made with favourable circumſtances, the 
Air endeavouring to preſs in at the Orifice of the Stop-cock, 
would have kept a very much greater weight from falling out 
of it ; I fay the Air, becauſe we found, by trial purpoſely made, 
thatneither the imperfect contact of the Valve and the Stop-cock, 
nor theDiachylon-that was employ'd to fill up the little Crannies 
teft betwixt them, were conſiderable in this Experiment. By 
which it may, among other things, appear, that I did not 
without cauſe in the above-named Diſcourſe touching Fluidity 
and Firmneſs, aſcribe a great force, even to ſuch Pillars of, Air 
as may be ſuppoſed to begin at-the top of: the Atmoſphere, and 
xecoyling from the ground, to terminate on the Bodies on —_ 
they 
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they preſs: ſince in the preſent Experiment ſuch a weight was 
ſupported by ſo ſlender a. Cylinder of Air, rebounding from 
the Earth to the Valve whereon it did bear. 


EXPERIMENT XXXIII 


) Ut in regard we have not yet been able to empty fo great a 
| Veſſel as our Receiver, ſo well as we can the Cylinder it 
felt; our Pump alone may afford us a nobler inſtance ot theforce 
of the Air we live in, infomuch, that by helpof this part of our 
Engine, we may give a pretty near gheſs at the {trength of the 
Atmoſphere, computedas a weight. And the way may be this; 
Firſt, rhe Sucker being brought to move eaſily up and down the 
Cylinder, is to be impelled to the top of it: Then the Receiver 
muſt be taken off from the Pump, that the upper Orifice of the 
Cylinder remaining open, the Air may treely ſucceed the Suc- 
ker, and therefore readily yield to its motion downwards. This 
done, there muſt be taſten'd to one of the Iron Teeth of the 
Sucker, ſucha weight as may juſt ſuffice to draw it to the bot- 
tom of the Cylinder. And having thus examin'd what weight 
15neceſfary to draw down the Sucker, when the Atmoſphere 
makes no other than the ordinary reſiſtance of the Air againft 
its deſcent ; the Sucker muſt be again forc'd to the top of the 
Cylinder, whoſe upper Orifice muſt now be exattly cloſed ; and 
then (the firſt weight remaining) we eaſily may, by hanging 
a Scale to the above-mention'd Iron (that makes part of the Suc- 
ker) caſt in known weights ſo long, till in ſpight of the relu:- 
tancy of the Atmoſphere the Sucker be drawn down. For to 
theſe weights in the Scale, that of the Scale it ſelf being added, 
the ſum will give us the weight of a Column of Air, equal in 
Diameter to the Sucker, or to the cavity of the Cylinder, and 
in length tothe height of the Atmoſphere. 

According to this method we did, ſince the writing of the 
laſt Experiment, attempt to - meaſure the preſſure of the At- 
moſphere, but found it more difficult than we expeCted, to per- 
form it with any accurateneſs; for though by the help of the 
Manabriam the Sucker moved up and down with ſo much eaſe, 
that 
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that one would have thought that both its convex ſurface, and 
the concave one of the Cylinder were exquiſitely ſmooth, and 
as it were {lippery ; yet when the Sucker came to be moved 
© onely with a dead weight or preſſure ( that was not ( like 
the torce of him that pumped ) intended as occaſion required) 

we found that the little rufneſles or other inequalities, and per- 

haps too, the unequal preſſure of the Leather againſt the ca- 

vity of the Cylinder, were able, now and then, to put a ſtop 

to the deſcent or aſcent of the Sucker, though a very little ex- 

ternal help would eaſily ſurmount that impediment ; and then 

the Sucker would, for a while, continue its formerly interrup- 

ted motion, though that aſſiſtance were withdrawn. But this 

difcouragement did not deter us from proſecuting our Experi- 

ment, and endeavouring, by a carefull trial, to, make it as in- 
ſtructive as we could. We found then that a Leaden Weight, of 

28 pounds (each conſiſting of ſixteen Ounces) being faſtned to 

one of the teeth of the Sucker, drew it down cloſely enough, 

when the upper Orifice of the Cylinder was left open : though 

by the help of Oyl and Water, and by the frequent moving 
the Sucker upand down with the Manubrium, its motion in the 

Cylinder had been before purpoſely facilitated. This done, the 

upper Orifice ofthe Cylinder was very carefully and cloſely ſtop- 
ped, the Valve being likewiſe ſhut with its wonted Stopple well 

oyld, after the Sucker had been again impell'd up to the top of 

the Cylinder. Then to the precedent twenty eight pound, we 
added a hundredand twelve pounds more; which forcing down 
the Sucker, though but kiſurely, we took off the twenty eight 
pound weight ; and being unable to procure juſt ſuch weights 
as we would have had, we hung on, inftead of it, one of tour- 
teen pound : but found that, with the reſt, unable to carry down 
the Sucker. And to fatisfie our ſelves, and the Spectators, that it 
was the reſiſtance of the ambient Air that hinder'd the deſcent of 
ſo great a weight, after that we had try'd that upon unſtopping 
the Valve, and thereby opening an accels to the external Air, the 
Sucker would be immediately drawn down. After this,I ſay, we 
made this farther Experiment, That having by a Man's ſtrength 
| R forcibly 
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forcibly depreſgd the Sucker to'the bottom of the Cylinder, and 
then faſtned weights, to the above-named Iron that makes part 
of that Sucker, the preſſure of the external Air finding little 
or nothing in the cavity of the evacuated Cylinder to reſiſt it, 
did preſently begin to impell the Sucker, with the weights 
that clogg'd it, towards the upper part of the Cylinder; till 
ſome ſuch accidental Impediment, as we formerly mention, 
check'd its courſe. 'And when that rub, (which eaſily might 
be,) was taken out of the way, it wow(d continue its aſcent to 
the top, to the no ſmall wonder of thoſe By-ſtanders, that could 
not comprehend how fuch a weight could aſcend, as it were, of 
tt ſelf; that is, without any inviſible force, or ſo muchas Suftion 
to lift it up. And indeed it is very conſiderable, that though 
poſſibly there might remain ſome particles of Air in the Cy. 
tinder, after the drawing down of the Sucker; yet the preſſure 
of a Cylinder of the Atmoſphere, ſomewhat leſs than three 
Inches in Diameter { for, as it was faid in thedeſfcriptionof our 
Engine, the cavity of the' Cylinder was no broader) was able, 
uncompreſsd, not only to fuſtain, but even to drive upa weight 
of an hundred and odd pounds: for belitles the weight of the 
whole Sucker it felf, which amounts to ſome pounds, the 
weights annexed. to'it made up an hundred and three pounds, 
beſides an Tron Bar, that by- conjecture' weighed ' two pounds 
more; and yet all theſe together fall ſomewhat ſhort of the 
weight which we lately mention'd, the reſiſtance of the Air, 
to have held ſuſpended in the cavity of the Cylinder. 

And though (as hath been already acknowledg'd { we can- 
not peradyenture, obtain by the recite&means ſoexaCtan account 
as were to be wiſh'd, of what we would diſcover : Yet, if it 
ferve us to ground conjectures more approaching to the Truth, 
than we have hitherto met with, T hope it will be conſider 
(which a famous Poet judiciouſly fays) 


Eft quoddam prodire tenus, fi non datur ultra. 


Peradventure it will not be impertinent to annex to the other 


circumſtances that have been already ſet down concerning this 
Expe- 
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Experiment, That it was made in Winter,: in Weather neither 
Froſty nor Rainy, - about the change of the Moon, and at a place 
whoſe latitude is near about 51 degrees and a halt: For perhaps 
the force or preſſure of the Air may vary, according to the Seaſons 
of the Year, the temperature of the Weather, the elevation of 
the Pole, or the phaſes of the Moon; all, or even any of them 
ſeeming capable to alter either the height or conſiſtence. of the 
incumbent Atmoſphere: And therefore it would not be amils if 
this Experiment were caretully triedat ſeveral times and places, 
with variety of circumſtances. It might alſo be tried with Cy- 
linders of ſeveral Diameters, exquiſitely fitted with Suckers, that 
we might know what proportion ſeveral Pillars of the Atmoſ- 
phere bear to the weights they are able to ſuſtain or lift up; and 
conſequently, whether the increaſe or decrement of the reſif- 
tance of the ambient. Air, can be reduced to any regular pro» 
portion to the Diameters of the Suckers: Theſe, and divers 
other ſuch things which may be try'd with this Cylinder, might 
moſt of them be more exactly try'd by the Torrice/an Experi- 
ments, if we could get Tubes ſo accurately blown and drawn, 
that the cavity were perfectly Cylindrical. 

To dwell upon all the ſeveral Reflexions, that a ſpeculative 
Wit might make upon thisand the foregoing Experiment, (I 
mean the thirty third and thirty ſecond ) would require almoſt 
2 Volume; whereas our occaſions will ſcarce allow us time 
to touch upon three or four of the chief Inferences that ſeem 
deducible from them, and therefore we ſhall content our ſelves 
to point at thoſe few. 

And firſt, as many other Phznomena of our Engine, ſo efpe- 
cially, the two lately mention'd Experiments, ſeem very much 
to call in queſtion thereceived Opinion of the nature or cauſe 
of SuCtion. For it's true indeed, that when men ſuck, they 
commonly uſe ſome manifeſt endeavour by a peculiar motion 
of their Mouths, Cheſts, and ſome other conſpiring parts, to 
convey to them the body to be ſuck'd in. * And hence perhaps 
they have taken occaſion, to think that. in all Suction there 


- mult be ſome endeavour or motion in the fucking to attract the 
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ſucked Body. But in our laſt Experiment it appears not at 
all how the upper part of the empty'd Cylinder that remains 
moveleſs all the while, or any part of it, doth at all endeg- 
vour todraw to it the depreſſed Sucker and the annexed weights, 
And yet thoſe that behold the aſcenſion of the Sucker, without 
feriouſly conſidering the cauſe of it, do readily conclude it 
to be raiſed by ſomething that powerfully Sucks or attracts it, 
though they ſee not what that may be or where 1t lurks. $9 
that it ſeems not abſolutely neceſſary to Suction, that there be 
in the Body, which is faid to ſuck, an endeavour or motion 
in order thereunto, but rather that Suction may be at leaſt for 
the moſt part reduced to Pulſion, and its eftects aſcrib'd to ſuch a 
preſſure of the neighbouring Air upon thoſe Bodies (whether AE. 
rial, or of other natures) thatare contiguous to the Body thatis 
faid to attra&t them, as is ſtronger, than that ſubftance, which 
poſſefeth the cavity of that ſucking Body, is able to reſiſt. To 
object here, that it was fome particles of Air remaining in the 
emptied Cylinder that attra&ted this weight to obviate a Vacuum, 
will ſcarce be fatisfaCtory ; unleſs it can be clear]y made out by 
- what little hooks, or other grappling Inſtruments, the internal 
Air could take hold of the Sucker ; how o little of it obtained 
the force to lift up ſo great a weight ; and why alſo, upon the 
letting in of a little more Air into one of our evacuated Veſſels, 
the attraCtion is, inſtead of being ſtrengthened, much weakned; 
though, if there were danger of a Yacuzm before, it would re: 
main, notwithſtanding this ingreſs of a little Air. For that ſtill 
there remained in the capacity of the exhauſted Cylinder ſtore 
of little rooms, or ſpaces empty or devoid of Air, may appear 
by the great violence wherewith the Air ruſheth in, if any way 
be open'd to it. And that 'tis not ſo much the decrement of the 
Pacuum within the cavity of the veſſel that debilitates the attra- 
Ction, as the Spring of the included Air (whoſe preſence makes 
the decrement ) that doth it by reſiſting the preſſure of the exter: 
nal Air, ſeems probable, partly from the Diſability of vacuittes, 
whether greater or leſſer, to reſiſt the preſſure of the Air ; and 
partly by ſome of the Phenomena of our Experiments, and par- 
ticularly 
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ticularly by this Circumſtance of the Three and Thirticth, 
that the Sucker was, by the preſſure of the Ambient Air, im- 
pel'd upwards with its weight hanging at it, not onely when 
it was in the bottom of the Cylinder, and conſequently left a 
oreat Yacuum in the cavity of it ; but when the Sucker had 
been already impell'd almoſt to the top of the Cylinder, and 
conſequently , when the Yacuum that remain'd was become 
very little in compariſon of that which preceded the beginning 
of the Sucker's aſcenſion. | | 

In the next place, theſe Experiments may teach us, what to 
judge of the vulgar Axiom received for ſo many Ages as an un- 
doubted Truth in the Peripatetick Schools ; That Nature ab- 
hors and flyeth a Yacuum, and that to ſuch a degree, that no 
humane power ( to go no higher) is able to make one in the 
Univerſe ; wherein Heaven and Earth would change places, 
and all its other Bodies rather a& contrary to their own Na- 
ture, than ſuffer it. For, if by a Vacuum we will underſtand a 
place perfe&tly devoid of all corporeal Subſtance, it may"indced 
then, as we tormerly noted, be plauſibly enough maintained 
that there is no ſuch thing in the world ; but that the generality 
of the Pleniſts, ( eſpecially till of late years ſome of them grew ' 
more wary ) did not take a Yacuxm in ſo ſtrict a ſenſe, may ap- 
pear by the Experiments formerly, and ey'n to this day imploy'd 
by the Deniers of a Yacuum, to prove it impoilible that there 
can be any made. For when they alledge ( for Inſtance ) that 
when a man ſucks Water through a long Pipe, that heavy Li- 
quor, contrary to its Nature, aſcends into the Sucker's mouth, 
only, to fill up that room made by the Dilatation of his Breaſt 
and Lungs, which otherwiſe will in part be empty. And when 
they tell us, that the reaſon why if a long Pipe exattly closd 
at one end be filled top-tull of Water, and then inverted, no 
Liquor will fall out of the open Orifice ; Or, to uſe a more {a- 
mihar Example, when they teach, that the cauſe, why in a Gar: 
diner's watering Pot ſhaped conically, or like a Sugar-Loaf, fill'd 
with Water, no Liquor falls down through the numerous holes 
at the bottom, whilſt the Gardiner keeps his Thumb upon the 
Orifice 
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'Orifice of the little hole at the top, and no longer ; muſt be 
that if in the caſe propoſed the Water ſhould defcend, the Air 


being unable to ſucceed it, there would be leit at the upper and 
deſerted part of the Veſſel a Vacuum, that would be avoided 
it the hole at the top were open'd. When (I fay) they al. 
ledge ſuch Experiments, the tendency of them ſeems plainly 
to import, that they mean, by a Yacuum, any ſpace here be. 
low that is not filled with a viſible body, or at leaſt with Air 
though it be not quite devoy'd of all Body whatſoever. For 
why ſhould Nature, out of her deteſtation of a Yacaum, make 
Bodies a& contrary to their own tendency, that a place may 
be filld with Air, 1f its being ſo were not neceſlary to the avoi- 

Taking then a Yacuum in this vulgar and obvious ſenſe, 
the common opinion about it ſeems Iyable to ſeveral Excep- 
tions, whereof ſome of the chiet are ſuggeſted to us by our 
Engine. | 

It will not eaſily then be intelligibly made out, how hatred 
or averſation, which is a paſſion of the Soul, can either tor a 
Vacuuns, or any other obje&t, be ſuppoſed to be in Water, or 
luch like inanimate Body, which cannot be preſumed to know 
when a Yacuum would enſue; if they did not beſtir themſelves 
to prevent it: nor to be ſo generous as to act contrary to what 
is moſt conducive to their own particular preſervation for the 
publique good of the Univerſe. As much then of intelligible 
and probable Truth, as is containd in this Metaphorical Expreſ: 
tion, ſeems to amount but to this; That by the Wiſe Authour 


_ of Nature (who is juſtly ſaid to have made all things in number, 
© weight and meaſure,) the Univerſe, and the parts of it, are fo 


contriv'd, that it is as hard to make a Yacaum in it, as if they 
ſtudiouſly conſpird to prevent it. And how far this itſelf may 
te granted, delervesto be farther conſiderd. : 

For in the next place, our Experiments ſeem to teach, that the 
ſuppoſed Averfation of Nature to a Vacuum is but accidental, 
or in conſequence, partly of the Weight and Fluidity, or, at 
leaſt, Fluxility of the Bodies here below ; and partly, and per- 


haps 
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haps principally, of the ſpring of the Air, whoſe reſtleſs en- 
deavour to expand it ſelf every way, makes it either ruſh in it ſelf, 
or compel the interpoſed Bodies into all ſpaces, where it findsno 
greater reſiſtance than it can ſurmount. And that in thoſe mo. 
tions which are made ob fugam Yacuz (as the common phraſe is) 
Bodies a&t without ſuch generoſity and conſideration, as is wont 
to be aſcribd to them, is apparent enough in our 32d Experi- 
ment, where the torrent of Air, that ſeem'd to 1trive to get into 
theempty'd Receiver, did plainly prevent its own deſign by ſo- 
impelling the Valve, as to make it ſhut the only Orifice the Air 
was to get outat. Andif afterwards either Nature, or the in- 
ternal Ay, had a deſign the external Air ſhould be attracted, 
they ſeem'd to proſecute very unwiſely by continuing to ſuck 
the Valve ſo ſtrongly; when they found that by that Suftion 
the Valve it ſelf could not be drawnin: Whereas by forbearing. 
to ſuck, the Valve would by its own weight have fallen down, 
and ſufferd the excluded Air to return freely, and to fill again: 
the exhauſted Veſſel. 

And this minds me to take notice of another deficiency, poin- 
ted at by our Experiments in the common Doctrine of thoſe- 


 Pleniſts we reaſon with ; for many of thoſe unuſual motions in 


Bodies, that are ſaid to be made to eſcape a- Vicuum, ſeem ra- 
ther madeto fill it. For why, to inſtance in-our newly mention'd 
Experiment, as ſoon as the Valve was depreſſed by the weight 
we hung at it, ſhould the Air ſo impetuouſly and copiouſly ruſt: 
into the cavity of the Receiver; if there were betore no vacant 
room there to receive it? and if there were, then all the whule the 
Valve kept out the Air, thoſe little ſpaces in the Receiver, which. 
the corpuſcles of that Airafterwards filld, may be concluded to 
have remain'd empty. So-that the ſeeming violence, tmploy'd 
by Natureon the occaſion of the evacuating of the Veſlel, ſeeras. 
to have come too late to hinder the making of Vacuities in the 
Receiver, and only to have, as ſoon as we permitted, filld up 


with Air thoſe that were already made. 


And as for the care of the publique good of the Univerſe af- 


cribd to. dead and ſtupid Bodies, we {hall only demand, why 
| in: 
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in our 19% Experiment, upon the ExſuCtion of the ambient Air, 
the Water deſerted the upper half of the Glaſs-Tube ; and did 
not aſcend to fill it up, till the external Air was let in upon it: 
whereas by its eaſfie and ſudden regaining that upper part of the 
3'woe, it appeared both that there was there much ſpace devoid 
of Air, and that the Water might with fmall or no reſiſtance 
have aſcended into it, if it could have done ſo without the im- 
p.ilſion of the re-admitted Air ; which, it ſeems, was neceſlary 
to mind the Water of its formerly negleted Duty to the Uni- 
veric. | 

Nay, for ought appeareth, even when the excluded Air, as 
ſoon as 'twas permitted, ruſh'd violently into our exhauſted Re- 
ceiver, that flowing in of the Air proceeded rather from the 
determinate Force of the Spring of the neighbouring Air, than 
from any endeavour to fill up, much leſs to prevent vacuity's. 
For though when as much Air as will, is gotten into our Re- 
ceiver our preſent Opponents take it for granted that it is full of 
Air; yet if it be remembred that when we made our 17" Expe: 
riment we crouded in more Air to our Receiver than it uſually 
holds ; and if we alſo conſider ( which is much more) that the 
Air of the ſame conſiſtence with that in our Receiver may in 
Wind-guns, as is known, and as we have tryed, be compreſſed at 
leaſt into half its wonted room(lI ſay at leaſt, becauſe ſome affirm, 
chat the Air may be thruſt into an 8®, or a yet ſmaller part of 
its ordinary extent) it ſeems neceſſary to admit either a notion 
of condenſation and rarefaCtion that is not intelligible, or that in 
rhe capacity. of our Receiver when preſumed to be full of Air, 
there yet remain'd as much of ſpace as was taken up by all the 
Acrial corpuſcles, unpoſſeſſed by the Air. Which ſeems plainly, 
ro infer that the Air that ruſh'd into our empty'd veſſel did not doe 
it preciſcly to fill up the Vacuities of it, ſince it left ſo many un- 
filfd, but rather was thruſt in by the preſſure of the contiguous 
Air: which as it could not, but be always ready to expand it 
{elf where it found leaſt reſiſtance, fo was it unable to fill the 
Rectiver any more, than untill the Air within was reduc'd to 
the ſame meaſure of CompaCttneſs with that without. 


We 
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'We may alſo from our two already often mention'd Experi- 
ments farther deduce, that,.(ſince Natures hatred of a Yacuum 
is but Metaphorical and Accidental, being but a conſequence or 
reſult of the preſſure of the Air and of the Gravity, and partly 
alſo of the Fluxility of ſome other Bodies) The power the makes 
uſe of to hinder a Facuum, is not (as we have elfe-where alſo 
noted) any ſuch boundleſs thing as men haye been pleaſed to 
imagine. And the reaſons why in the former Experiments, 
mentioned in favour of the Pleniſts, Bodies ſeem to forget their 
own Natures to ſhun a Facaum, ſeems to be but this; That in 
the alledged caſes the weight of that Water that waseither kept 
from falling or impelFd up, was not great enough-to ſurmount 
the preſſure of the contiguous Air; which, if it had been, the 


Water would have ſubſided, though no Air could have ſucceeded. 


For not torepeat that Experiment of Monſieur Paſchal (formerly 
mention'd to have been tryed in a Glaſs exceeding 32. Foot) 
wherein the inverted Pipe being long enough to contain a com- 
petent-weight of Water, that Liquor treely ran out at the lower 
Orifice: Not to mention this(I ſay) we ſaw in our nineteenth 
Experiment, that when the preſſure of the ambient Air was ſuf- 
ficiently weakn'd, the Water would fall out apace at the Orifice 
even of a ſhort Pipe, though the Air could not ſucceed into the 
room deſerted by it. And it were not amiſs if tryal weremade 
on the tops of very high Mountains, to diſcover with what eaſe 
a Vacuum could be made near the confines of the Atmoſphere, 
where the Air is probably but light in compariſon of what it is 
here below. But our preſent (three and thirtieth) Experiment 
ſeems to. manifeſt, not onely that the power, exercis'd by Na- 
ture, toſhun or repleniſh a Yacuwm, is limitted, but that it may 
be determin'd even to Pounds and Ounces: Inſomuch that we 
might ſay, ſuch a weight Nature will ſuſtain or will lift up ts 
reſiſt a Facuum in our Engine; but if an: Ounce more be added 
to that weight, it will ſurmount Her ſo much magnifid deteſta- 
tion-of Vacuities. And thus, My Lord, our Experiments may 
not onely anſwer thoſe of the Pleniſts, but enable us to retort 
their Arguments againſt themſelves: ſince, if that be true _— 

9 they 
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" way empty, according to their own Doctrine; eſpecially, 


| Philoſophical ſenſe, bur in that more obvious and familiar one 


this free Air, not exceeding three Inches in Diameter is able to 
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they alleadge, that, when Water falls not down according to its 
nature, in a Body wherein no Air can ſucceed to fill up the place 
it muſt leave, the ſuſpenſion of the Liquor is made Ne detur 
Vacuum, (as they ſpeak) it will follow, that if the Water canbe 
brought to ſubſide in ſuch a caſe, tHat deſerted ſpace may be 


ſince Nature (as they would perſwade us) beſtirs her ſelf fo 


mightily to keep it from being deſerted. 
TI hope I ſhall not need to-remind Your Lordſhip, that I have 
all this while been ſpeaking of 4 Yacuum, not in the ſtrict and 


hd 


that hath been formerly declard. s is” 

And therefore I ſhall now proceed to obſerveinthe laſt place, 
that our 33% Experiment affords us a notable proof of the un- 
heeded ſtrength of that preſſure which is ſuſtaind by the Cor- 
puſcles of what we call the free Air, and preſume to be uncom- 
preſſed. For, as fluid and yielding a Body as it is, our Experi- 
ment teacheth us, That ev'n in our Climate, and without any 
other compreſſion than what is (at leaſt here below) Natural, 
of (to ſpeak more properly) ordinary to it, -it bears ſo ſtrongly 
upon the Bodies whereunto it 1s contiguous, that a Cylinder of 


raiſe and carry up a weight, amounting to between ſixteen and 

: | ſeventeen hundred Ounces. I faid even in 
Lea exjftente tad our Climate, becauſe that is temperate e- 
xere calide, adeo ones nough; and as far as my obſervations aſſiſt 
—_—_ {ue m—_— me to conjecture, the Air in many other 
tibus fois colloceverunt. an. More Northern Countries may be much 
nino 4 r1otu ceſſaverit erfi thicker,and able to ſupport agreater weight: 
mulro maju pond & 44" which is not to be doubted of, if there be 

iſſent quam antea ferre ſo- . : : | 

kebat. Varenius Geo: Gen- NO Miſtake in what is Recorded concern- 
eral, 11h. 111, Fropo: 7. ing the Holanders, that were forc'd by the 
vita! Bc Ice to Winter in Nova Zembla, namely, 
That they found there ſo condens'd an Air, that they could not 
make their Clock goe, evin by a very great addition to rhe 


weights that were wohit to move it. 


I ſuppoſe | | 


ao Tn m1 I AO ,<v Lu «©. 


WOW + » COD tt 


THD*t 


| C131) | 

I ſuppoſe Your Lordſhip will readily take notice, that I might 
very eaſily have diſcourſed much more fully and accurately than 
I have done, againſt the common opinion touching Suction, 


and touching natures hatred of a Yacuum. But I was willing to 


keep my felt to thoſecon{iderations touching theſe matters, that 
might be verified by our engine it ſelf, eſpecially, ſince, as I ſaid 
at firſt, it would take up too much time to inſiſt particularly 
upon all the 'Reflexions that may be made even upon our two 
laſt Experiments. And therefore paſſing to the next, I ſhall leave 
it to Your Lordſhip. to conſider how far theſe tryalsof ours will 
either confirm or disfavour thenew Do&trine of ſeveral eminent 
Naturaliſts, who teach, That in all motion there is neceſſarily a 
Circleof Bodies, as they ſpeak, moving together; and whether 
the Circles in ſuch motion be an Accidental or Conſequential 
thing or no. 


EXPERIMENT XXXII. 


'MTVIs 2 known thing to thoſe that are converſant in the Hy- 
droſtaticks, That two Bodies which inthe Air are of e- 
qual weight, but of unequal bulk, as Gold, for inftance and 
Iron, being afterwards weighed in Water, will loſe their Zquz- 
librium upon the change of the ambient Body : ſo that the Gold 
will ſink lower than the Iron; which, by reaſon of its greater 
bulk, hath more Water to lift or diſplace, that it may ſink. By 
Analogy to this Experiment, it ſeemed probable, that if two 
weights did in our Engine ballance each other, when the Glaſs 
was full of Air; upon the exſuttion of a great part of that 
Air, ſo notable a change inthe conſiſtence'of the ambient Body, 
would make them loſe their Aquilibrium. _ | 
But being deſirous at the ſame time to make a tryal, for a 
certain Deſign that needs not here be mention'd, we took for 
one of our weights a dry Bladder, ſtrongly tyed at the Neck, 
and about half flld with Air (that being a weight both ſlight, 
and that would expand it ſelf in the evacuated Glaſs) and faſtn- 
ing that to one part of our formerly mentioned exaCt ballance 
(which turns with the 324 part of a Grain) we put a Metalline 
| 9 2 counter- 


ls eaten. nd —_—_—_ Los 


EXERT I. 


ST 


= 


> —— ——— ——_— c=_—_—_—__ wm — 
—_— —_= = —_—— — re CS VL: 


rn— 


223 


un <-> = opt eee ep eeyer—ee = ang og 
D—E_— Pups ow 


(132) 


counterpoiſe into the oppoſite Scale; and ſo the two weights 
being brought to at ZA£quilibrium, the ballance was convey 
into the Receiver, and-ſuſpended from the Cover of it. 

But before we proceed farther, we muſtnote, That preſently 
alter the laying on of the Cover, the Bladder appear to pre 
ponderate, whereupon the Scales being taken out, and reduc'd 
very near to an Zquilzbrium, yet 1o, that a little advantage 
remained on that ſide to which the Metalline weight belonged; 
they were again let: down into the Receiver, which was pre- 
ſently made taſt with Plaiſter, and a hot Iron: Soon after which 
before the Pump was employ'd, the Bladder ſeem'd again a 
little to preponderate. Afterwards the Air in the Glaſs being 
begun to be drawn out; the Bladder began (according to the 
formerly mention'd Obſervations) to expand it felt, and mani. 
feſtly to outweigh the oppoſite weight, drawing":down the 
Scale to which it was faſtned very much beneath the other, 
eſpecially when the Air had ſwell it to its full extent. 

This done, we very leiſurely let in the external Air; andob- 


-ſervd, that upon the flagging of the Bladder; the Scale whereto 


it was faſtned, not onely by degrees return'd to an AZquzlibrium 
with the other, but at length was a little outweighed by it. 
But becauſe we ſuſpe&ted there might have intervend ſome 
unheeded Circumſtance in this laſt part of the Experiment we 
would not preſently take out the Scales, nor meddle with the 
Cover, but leaving things as they were, we perceiv'd, that af- 
ter a little while the Bladder began again to preponderate, and 
by degrees to fink lower and lower for divers hours, wherefore, 
leaving the Veſſel cloſed up all night, we repair'd to it next 
Morning, and found the Bladder fallen yet lower. As if the very 
ſubſtance of it , had imbibed ſome of the moiſture wherewith 
the Air (the Seaſon being very rainy) did then abound: As 
Luteſtrings, which are made likewiſe of the Membranous 


-parts of Guts, ſtrongly wreath'd, are known to ſwell ſo much 


oftentimes as to break in rainy and wet weather. Which con- 
JeQture is the more to be regarded, becauſe congruouſly unto it 


one of the company having a little warm'd the Bladder, found 
0] it 
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it then lighter than the oppoſite weight. But this muſt be 
look'd upon as a bare conjecture, .till we can gain time to make 
farther tryals about it. In the mean while we ſhall adde, that 
without removing the Scales or the Cover of the Receiver, we 
again cauſed the Air to be drawn out (the weather. continuing 
very moiſt) but tound not any maniteſt alteration in the ballance; 
whether becauſe the A£qui/ibrium was too far loſt to let a ſmall 
change appear, we determine not. | 
But to make the Experiment witha Body leſs apt tobe altered 
by the temperature of the Air, than was the Bladder; we 
brought the Scales again to an Z9quzlibrium with two weights, 
whereof the one was of Lead, the other of Cork. And having 
evacuated the Receiver, we obſetved, that both upon the ex- 
ſuction, and after the return of the Air, the Cork did manifeſtly 
preponderate, and much more, a while after the Air had been 
let in again, than whilſt it was kept out. Wherefore, in the 
room of the Cork, we ſubſtituted a piece of Char-coal, as leſs 
likely to imbibe any moiſture from the Air, but the event proved 
much the ſame with that newly related: So that this Experiment 
ſeems more.liable to Caſualties than any, excepting ene we have 
made in our Engine. And as it 1s difficult to prevent them, ſo 
it ſeems not very eaſe to diſcover the cauſes of them, whereof we 
ſhall therefore at preſent forbear mentioning our Conjettures., 


EXPERIMENT XXXYV. 


Ome Learned Mathematicians have of late ingeniouſly endea- 
& voured to reduce Filtres to Siphons; but ſtill the true cauſe 
of the aſcenſion of Water, and other Liquors both. in S7phoxs 
and in Filtration, needing (for ought we have yet found) a clearer 
Diſcovery and Explication, we were deſirous to try whether or 
no the preſſure of the Air might reaſonably be ſuppoſed to have 


either the principal, or atleaſt a conſiderable Intereſt in the rai- 


ſing of thoſe Liquors. But becauſe we found that we could not 
yetſo-evacuate our Receiver, but that the remaining Airthough 
but little in compariſon of the exhauſted, would be able to im- 


pell.the Water to-a greater height than is. uſual in ordinary Fil- 
trations: 
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trations: we reſolved inſtead of a Liſt of Cotton, or' the like 
Filtre, to make uſe of a Sphon of Glaſs, delineated in the third 
Figure, conliſting of three pieces, two ſtreight, andthe third 
crooked to joynthem together; whoſe JunCtures were diligent. 
ly closd that no Air might find entrance at them. One of 
the Legs of this Siphon was (as it ſhould be) ſomewhat longer 
than the other, and was pervious at the bottom of it onely, by 
a hole almoſt as ſlender as a hair, that the Water might but very 
leaſurely drop out of it, leſt it ſhould all run out betore the Ex- 
periment were compleated. The other and ſhorter Leg of the 
Siphon was quite open at the end, and the ſame wideneſs with 
the reſt of the Pipe, whoſe bore was about x of an Inch. The 
whole Szphon made up of theſe ſeveral pieces put together, was 
deſign'd to be about a Foot and a half long; that the remaining 
Air, when the Veſſel was exhauſted after the wonted manner, | 
might not be able to impell the Water to the top of the Sphon; 
which being inverted, was filld with Water, and of which the 
Shorter leg being let down two or three Inches deep into a Glaſs 
Veſſel full of Water, and the upper parts of it being faſten'd to 
the inſide of the Cover of the Receiver, we proceeded to cloſe 
firſt, and then to empty the Veſlel. rh | 

The effe& of the tryal was this, That till a pretty quantity of 
Air had been drawn out,the Water droppd freely out at the low 
er end of the lower leg of the Szphon, as it the Experiment had 
been performed in the free Air. But afterwards, the Bubbles 
(as had been apprehended) began to diſcloſe themſelves in the 
| Water, and aſcending tothe top of the Szphor, imbodyed them 
ſelves there into one, which was augmented by little and little, 
by the rifing of other bubbles that from time to tune broke in- 
to it, but much more by its own dilatation, which increasd 
proportionably to the exſuction that was made of the Air out 
of the Receiver. So that at length the Water in the ſhorter Leg 
of the Siphon was reduc, partly by the extraCtion of theambi- 
ent Air, and partly by the expanſion of the great Bubble at the 
'upper part of the Szphoy, to be but about a Foot high, if fo 
much; whereby it came to paſs, that the courſe of the Water 

in 
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in the Siphon was interrupted, and that which remain in the 
longer Leg of it, continud ſuſpended there without dropping 
any longer. But upon the turning of the Stop-cock, the out- 
ward Air (being let into the Receiver) got into the Szphoxy, by 
the little hole at which the Water formerly dropt out; and tra- 
verſing all the incumbent Cylinder of Water, in the form of 
Bubbles, joynd' it ſelf with that Air that before poſſefs'd the 
top of the Szphoy. | 

To prevent the inconveniences ariſing from theſe Bubbles,two 
Glaſs Pipes, like the former, were ſo placed, as to terminate 
together in the midſt of the Belly of a Glaſs Viol, into whoſe 
Neck they were carefully faſten'd with Cement; and then both 
the Viol and the Pipes being (which was not done without dif- 
ficulty) totally filld with Water, the S$zphon deſcrib'd in the 
fifth Figure, was plac'd with its ſhorter Leg in the Glaſs of Wa- 
ter as Cindy and the Experiment being proſecuted after the 
ſame manner, much more Air than formerly was drawn out, 
before the bubbles, diſcloſing themſelves in the water, were able 
todiſturbthe Experiment ; becauſe that in the capacity of the Viol 
there was room enough for them to ſtretch themſelves, without 
depreſſing the Water below the ends of the Pipes; and during 
this time, the Water continued to drop out of the propending 
Leg of the Siphon. But at length the Receiver being very much 
empty'd, the paſſage of the Water through the Siphox ceasd, the 
upper ends of the Pipes beginning to appear a little above there- 
maining Water in the Viol, whoſe dilated Air appear'd likewiſe to 
preſs down the Water in the Pipes,and fill the upper part of them. 

And hereby the continuity of the Water, and ſo the Experi- 
ment it ſelf being interrupted we were invited to let in the Air a- 
gain, which, according to its various proportions of preſſure to 
that of the Air in the Viol and the Pipes, did for a good while 
extubite a pleaſing variety of Phexomena, which we have not 
now the leaſure to recite And though upon the- whole matter 
E there ſeem(d little or no cauſe ro doubt, but that, if the Bubbles 
| had not diſturbd the Experiment, it would manifeſtly enough 
| haveappear'd that the courſe of Water through Siphons depends 
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upon the preſſure of the Air: yet we reſolvd, at our next lea. 
ſure and conveniency, to try the Experiment again, with a 
quantity of Water before freed from Bubbles by the help of the 
fame Engine. 

This occaſion T have had to take notice of Szphons, puts me in 
mind of an odde kind of Siphon that I causd to be made i pretty 
while ago; and which hath been ſince, by an Ingenious Man of 
Your acquaintance, communicated to divers others. The occa- 
ſion was this: An eminent Mathematician told me one day, 
that ſome inquiſitive French Men (whoſe Names I know not) 
had obſerv'd, That in caſe one end of a {lender and perforated 
Pipe of Glaſs be dip'd in Water, the liquor.will aſcend to ſome 
height in the Pipe, though held perpendicular to the plain of the 
Water. And, to ſatisfie me that he miſ-related not the Experi- 
ment, he ſoon after brought two or three ſmall Pipes of Glaſs, 
which gave me the opportunity of trying it : though T had the 
le(s reaſon to diſtruſt it, becauſe I remember I had otten, in the 
long and ſlender Pipes of ſome weather Glaſſes, which I had 
caus'd to be made after a ſomewhat peculiar faſhion, taken notice 
of the like aſcenſion of the Liquor, though (preſuming it might 
be caſual) I had made but little reflexion upon it. But after this 
tryal, beginning to ſuppoſe, that though the Water in theſe 
Pipes that were brought me, riſe not above a quarter of an Inch, 
(if near ſo high) yet, it the Pipes were made ſlender enough, 
the Water might riſe to a very much greater height; I causd ſe- 
veral of them to be, by a dexterous Hand, drawn out at the flame 
of a Lamp, in one of which that was almoſt incredibly ſlender 
we found that the Water aſcended (as it were of it ſelf) five 
Inches by meaſure, to the no ſmall wonder of ſome famous Ma- 
thematicians, who were SpeCtators of ſome of theſe Experi- 


. ments. And this height the Water reachd to, though the Pipe 


were held in as erected a poſture as we could: For if it were in- 
clin'd, the Water would fill a greater part of it, though not riſe 
higher in it. And we alſo found, that when the inſide of the 
Pipe was wetted beforehand, the Water would riſe much better 
than otherways: But we caus'd not all our ſlender Pipes to ' 

R made 
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made ſtreight, but ſome of them crooked, like Siphoys : And 
having immersd the ſhorter Leg of one of theſe into a Glaſs that 
held ſome fair Water, we found, as we expeCted, that the Wa- 
ter arifingtothe top of the Siphon,though that were highenough, 
did of it ſelf run down the longer Leg, and continue running 
like an ordinary Siphon. The cauſe ot this aſcenſion of the Wa- - 
ter, appear'd to all that were preſent ſo difficult, that I muſt 
not ſtay to enumerate the various ConjeAures that were made 
at it, mach leſs to examinethem; eſpecially having nothing but 
bare Conje&ures to ſubſtitute in the room of thoſe I do not ap- 
prove. We try'd indeed, by conveying a very ſlender Pipe and 
a ſmall Veſſel of Water into our Engine, whether or no the ex- 
ſuction of the ambient Air would aſſiſt us to find the cauſe of 
the aſcenſion we have been ſpeaking of : But though we imploy'd 
red Wine inſtead of Water, yet we could ſcarce certainly per- 
ceive thorow ſo much Glaſs, as was interpos'd betwixt our eyes 
and the Liquor, what happen'd in a Pipe fo ſlender that the red- 
neſs of the Wine was ſcarce ſenſible in it. But as far as wecould 
diſcern, there happen'd no greatalteration to the Liquor: which 
ſeem'd the leſs ſtrange, becauſe the ſpring of that Air that might 
depreſs the Water in the Pipe, was equally debilitated with that 
which remain'd to preſs upon the ſurface of the Water in the 
little Glaſs. Wherefore, in favor of his Ingenious ConjeQure 
who aſcrib'd the Phenomenon under conſideration, to the greater 


' preſſuremadeupon the water by the Air without the Pipe, than 


by that within it, (where ſo much of the Water' (conſiſting per- 
haps of Corpuſcles more pliant to theinternal ſurfaces of the Air) 
was contiguous to the Glaſs) it was ſhown, that in caſe the little 
Glaſs Veſſel that held the water, of which a part aſcended into 
the ſlender Pipe, were ſo closd, that a Man might with his 
mouth ſuck the Air out of it, the water would unmediatel 


. ſubſide in the ſmall Pipe. And this would indeed infer, that it 


aſcended before onely by the preſſure of the incumbent Air ; 
But that it may (how juſtly I know not) be obje&ted, That 
peradventure this would not happen, in caſe the upper end of 
the Pipe were in a Vacuum: And that 'tis very probable the 

T water 
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water may ſubſide, not becauſe the preſſure of the internal Air 
is taken off by Exſu&tion, but by reaſon of the ſpring of the 
external Air, which impels the Water it findes in its way to the 
cavity deſerted by the other Air, and would as well impel the 
ſame water upwards, as make it ſubſide, it it were not for 
the accidental poſture of the Glaſſes. However , having not 
now leiſure to examine any farther this Matter, I thall onely 
mind Your.Lordſhip, that if You will proſecute this Specula- 
tion, it will be pertinent to find out likewiſe, Why the ſurface 
of water (as is manifeſt in Pipes) uſeth to be concave, being de. 
preſs'd in the middle,and higher onevery fide? and why in Quick: 
{ilver on the contrary, not onely the ſurface is wont to be very 
convex, or ſwelling, in the middle; but it you dip the end of a 
ſlender Pipe in it, the ſurface of the Liquor (as 'tis call'd) will 
be lower within the Pipe, than without. Which Phenomena, 
whether, and how far, they may be deduc'd from the Figure of 
the mercurial Corpuſcles, and the Shape of the ſpringy Parti- 
cles of the Air, I willingly leave to be conſider. 


n— EXPERIMENT XXXVI. 


>Everal ways we have met with propos'd, partly by the ex- 
& cellent Galileo, and partly by other ingenious Writers, to 
manifeſt that the Air is not devoid of weight; ſome of theſe re- 
quire the previous abſence of the Air to be weighed; and others, 
the violent condenſation of ir. But-1t we could lift a pair of 
Scales above the Atmoſphere, or place them in a Yacuam, we 
might there weigh a parcel of Air it ſelf, as here we do other 
Bodies in the Air, becauſe it would there be heavier than that 
which ſurrounds it, as are groſſer Bodies we commonly weigh, 
than the medium or ambient Air. Wherefore, though we have 
above declin'd to affirm, that our Receiver, when emptyed, de- 
ſerves the name of a true Yacaum, and though we cannot yet 
perfectly free it from Air it ſelf, yet we thought fit to try how 
tar: the Air would maniteſt its gravity in fo thin a m<dium, as 
we could make in our. Receiver, by evacuating it. We causd 
then to be blown at the Flame of a Lamp, a Glaſs bubble: of 
2 about 
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about the bigneſs of a ſmall Hen-egge, and of an Oval form, fave” 
that at one end there was drawn out-an exceeding -ſlender Pipe, 
that the Bubble might be ſealed up, with as little rarefation as 
might be, of the Air included in the great or Oval Cavity of it. 
This Glaſs being ſealed, was faſtened to one of the Scales of the 
exat pair of Ballances formerly mention'd; and being counter- 
poisd with a weight of Lead, was conveyd into the Receiver, 
and closd up in it. The Beam appearing to continue Horizon- 
tal, the Pump was ſet on work, and there ſcarce paſt above two 
or three ExſuCtions of the Air, before the Ballance loſt its Equzi- 
librium, and began to incline to that ſide on which the Bubble 
was; which, as the Air was farther and farther drawn out, did 
manifeſtly more and more preponderate, till he that pumped 
began to grow weary of his Imployment: after which the Air 
being leiſurely let in again, the Scales by degrees returned to 
their former Equilibrium. Aﬀter that we took them out, and 
caſting into that Scale to which the lead belonged three quarters 
of a grain, we conveyed the ballance into the Receiver, which 
being cloſed up, and exhauſted as before, we obſerv'd, that as 
the Air was drawn out more and-more, fo the Glaſs bubble 
camenearer and nearer to an Equilibrium with the other weight, 
till at length the Beam was drawn to hang Horizontal; which 
(as we had formd by another tryal) we could not bring it to do, 
when a quarter of a Grain more was added to the Scale, to which 
the Lead belongd: though it ſeennd queſtionleſs, that if we 
could have perfectly empty'd the Receiver of the contain'd Air, 
that included in the bubble would have weighed above a Grain, 
notwithſtanding its having been probably ſomewhat rarefied by 
the flame, by the help of which, the bubble was ſeald up. Let 
us adde, That on the regreſs of the excluded Air, the Lead, and 
che weight caſt into the ſame ſcale, did again very much pre- 
ponderate. | 

We likwiſe convey'd into the Receiver, the fame bubble, 
opend at the end of the ſlender Pipe above-mention'd, but ha- 
ving drawn out the Air, after the accuſtomed manner, wefound 


not as before, the bubble to out-weigh the oppoſite Lead: . fo 
T 3 that 
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that by the help of our Engine we can weigh the Air, as we 
weigh other Bodies, in its natural or ordinary conſiſtence, with. 


out at all condenſing it: Nay, which is remarkable, having cop 


veyd a Lambs bladder about half full of Air into the Receiver, 
we obſerved, that though upon the drawing out of the ambient 
Air, the impriſoned Air ſo expanded it felt, as to diſtend the 
Bladder ſo, as to ſeem ready to Break it; yet this rarefied Air 
did manifeſtly depreſs the Scale whereunto it was annexed. 
Another thing we muſt not forget to mention, that happened 
to us, whilſt we were making tryals concerning the weight of 
the Air; namely, that having once caus'd the Pump to be tome 
what obſtinately ply'd, to diſcover the better what may be ex- 
pected from the thinneſs of the medium in this Experiment ; the 


Impriſon'd Air broke itsbrittle Priſon,and throwing the greateſt 


part of it againſt the ſide of the Receiver, daſh it againſt that 
thick Glaſs into a multitude of pieces. Which accident I men: 
tion, partly that it may confirm what we deliverd in our Re- 
flexions, upon the firſt Experiment, where we conſidered what 
would probably be done by the ſpring of the Air Impriſon'd in 
ſuch Glaſſes, in caſe the ballancing preſſure of the ambient Air 
were withdrawn; and partly, that we may thence diſcern of how 
cloſe a Texture Glaſs is, ſince ſo very thin a film of Glaſs ( if 
may ſo call it) prov'd fo impervious to the Air, that it could not 
get away through the Pores, but was forc'd to break the Glaſs 
4n pieces to free it ſelf; and this, notwithſtanding the time and 
advantage it had to try to get out at the Pores. And this [ 
mention, that neither our Experiments, nor thoſe of divers Learn- 
ed Men, might receive any prejudice from an Experiment which 
I happend to make divers years ago, and which, having been 
ſomuchtaken notice of by curious Men, may be drawn to coun- 
tenance their erroneous Opinion, who would fain perſwade us, 
That Glaſs is penetrable by Air properly ſo called. Our Experi- 
ment was briefly this: We were diſtilling a certain Subſtance, 
that much abounded with ſubtle Spirits and volatile Salt, in a 
ſtrong Earthen veſſel of an unuſual ſhape, to which was luted a 


large Receiver, made of the courſer ſort of Glaſs (which the 
Trades- 
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Trades-men are wont to call green Glafs) but in our abſence, the 
Fire, though it were to be very ſtrong, was, by the negl;gence 
or miſtake of thoſe we appointed to attend it, ſo exceil;vely in- 
creasd, that when we came back to the Fornace, we tound the 
ſpirituous and faline Corpuſcles pour'd out (it I may fo call it) 
ſo hot, and fo copiouſly into the Receiver, that they made it all 
opacous, and more likely to flic in pieces, than fit to be touch. 
Yet, being curious to obſerve theetie&s of a Diſtillation, proſe- 
cuted with ſo intenſe and unuſual a degree of heat, we venturd 
to come near, and obſery'd, among other things, that on the out- 
ſide of the Receiver, at a great diſtance trom the juncture, 
there was ſetled n round whitiſh Spot or two, which at firſt we 
thought might be ſome ſtain upon the Glaſs; butafter, finding 
it to be in divers Qualities like the Oyl and Salt of the Concrete 
we were Diſtilling, we began to ſuſpe&t that the moſt ſubtle 
and fugitive parts of the impetuouſly aſcending Steams, had pe 
netrated the ſubſtance (as they ſpeak) of the Glaſs, and by the 
cold of the ambient Air were condenſed on the ſurface of it. 
And though we were very backward to credit thisſuſpition, and 
therefore call'd inan Ingenious Perſon or two, both to aſliſt us 
in the Obſervation, and have Witneſs of its event, we continu- 
ed a while longer to watch the eſcape of ſuch unctuous Fumes ; 
and upon the: whole matter unanimouſly concluded that (all 
things confider'd) the ſubtle parts of the diſtilld matter being 
violently agitated, by the exceſſive heat that paſsd through the 
Pores of the Glaſs, widn'd by the fame heat. But this having 
never happen'd but once in any of the Diſtillations we have 
either made or ſeen, though theſe be not a few, it is much more 


reaſonable to ſuppoſe, that the perviouſneſs of our Receiver to 


a Body much more ſubtle than Air, proceeded partly from the 
looſer Texture of that particular parcel of Glaſs the Receiver was 
made of (tor Experience hath taught us, that all Glaſs is not of 
the fame compaQtneſs and ſolidity) and partly from the enor- 
mous heat, which, together with the vehement agitation of the 
penetrant Spirits, open'd the Pores of the Glaſs; thanto imagine 
that ſuch a ſubſtance as Air, ſhould be able to permeate the ogy 
| 0 
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of Glaſs contrary to the teſtimony of a thouſand Chymical ang. 
Mechanical Experiments, and of many. of thoſe made in our 
Engine, eſpecially that newly recited: Nay, by -our fifth Ex. 
periment it appears that a thin Bladder will not at its Pores give. 
paſſage even to rarefied Air. And on this occaſion we will an- 
nex an Experiment, which hath made ſome of thoie we have 
acquainted with it, doubt, whether the Corpulcles of the Air 
be not leſs ſubtle than thoſe of Water. f | 
But without examining here the reaſonableneſs of that doubt, 
we will proceed to recite the Experiment it felt, which ſeems 
to teach, That though Air, when ſufficiently comprefled, may 
perchance get entrance into narrower holes and crannies than 
Water; yet unleſs the Air be forcd in at ſach very little holes, 
it will not get in at them, though they may be big enough to 
ler Water paſs through them. | 
The Experiment then was this: I took a fair Glaſs Sphox, 
the lower end of whoſe longeſt Leg was drawn by degrees to 
ſuch a ſlenderneſs, that the Orifice, at which the Water was to 
tall out, would hardly admit a very ſmall Pin: This Szphox be- 
ing inverted, the matter was ſo order'd, that a little Bubble of 
Air was intercepted in the ſlendereſt part of the Szphon, betwixt 
the little hole newly mention'd, and the incumbent Water, upon 
which it came to pals, that the Air being not to be forc'd through 
ſo narrow a paſſage, by ſo light a Cylinder of Water, (though 
amounting to the length of divers Inches,) as leand upon it, 
hindered the farther ettlux of the Water, as long as I pleaſed to 
let it ſtay in that narrow place: whereas, when by blowing a 
little at the wider end of the Szphon, that little parcel of Air was 
torced out with ſome Water, the remaining Water, that before 
continu'd ſuſpended, began freely to drop down again as former: 
ly. And if you take a Glaſs Pipe, whether it be in the form of 
a Siphon, or no, that being for the moſt part of the thickneſs of 
a Mans Finger, is yet!towards one end fo ſlender, as to termi- 
nate in a hole almoſt as:ſmallas a Horſe-hair; and if you fill this 
Pipe with Water, you will find that Liquor to drop down free- 


Iy enough thorow the ſlender Extream: But if you then _ 
the 
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the Pipe, you will find that the Air will not” eaſily get in ar 
the ſame hole through which the Water paſſed. For in the ſharp 
end of the Pipe, ſome Inches of water will remain ſuſpended, 
which, 'tis probable, would not happen, if the Air could get in 
to ſucceed it, ſince. if the hole were a little wider, the Water 
would immediately ſubſide. And though it be true, that if the Pipe 
be of the length of many Inches, a great part of the Water will 
run down at the wider Oritice: | yet that ſeems to happen for 
ſome other reaſon, than becauſe the Air ſucceeds it at the upper 
and narrow Orifice, ſince all the ſlender part of the Pipe, and 
perhaps ſome Inches more, will continue full of Water. 

Andon this occaſion I remember, that whereas it appears by 
our fifth Experiment, That the AErial Corpuſcles (except per- 
haps ſome that are extraordinarily fine) will not paſs thorow 
the Pores of a Lambs Bladder, yet Particles of Water will, as 
we havelong ſince obſerv'd, and as may beeaſily try'd, by very 
cloſely tying a little Alcalizate Salt (we usd the Calx of Tartar 
made with Nitre) in a fine Bladder, and dipping the lower end 
of the Bladder in Water; for if you hold it there for a compe- 
tent while, you will find that there will ſtrain thorow the Pores 
of the Bladder, Water enoughto diſſolve the Salt into a Liquor. 

But I ſee I am ſlipd into a Digreſſion, wherefore T will not 
examine, whether, the Experiment I- have related, proceeded 
from hence, That the ſpringy Texture of the Corpuſcles of the 
Air, makes them eſs apt to yield and accommodate themſelves 
eaſily to the narrow Pores of Bodies, than the more flexible 
Particles of Water; or whether it may moreprobably be afcrib'd 
to ſome other Cauſe. Nor will I ſtay to conſider how far. we 


- may hence be aſliſted to gheſs at the cauſe of the aſcenſion of 


Water in the ſlender Pipes, and Siphons formerly mention'd, but 
will return to our Bubble ; and take notice, That we thought 
fit alſo to endeavor to meaſure the capacity of the Bubble we had 
made uſe of, by filling it with Water, that we might the better 
know how much Water anſwerd in weight to 4 of a Grain 
of Air, but notwithſtanding all the diligence that was uſed to 
preſerve fo brittle a Vellel, it broke before we could yay 
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that we were about, and we were not thenprovided of another 
Bubble fit for our turn: & | 

The haſte I was in, My Lord, when 1 ſent away thelaft Sheer, 
made me forget to take notice to-you of a Problem that occurrq 
to my thoughts, upon the occaſion of the ſlow breaking of the 
Glaſs Bubble in our evacuated Receiver. For it may ſeem 
ſtrange, fince by our ſixth Experiment it __ that the Air, 
when permitted, will by its own internal Spring expand it ſelf 
twice as much as Merſennus was able to expand it, by the heat 
evenof a candent Zolipile: Yet the Elater ofthe Air was ſcarce 
able to break a very thin Glaſs Bubble, and utterly unable to 
break one ſomewhat thicker, within whoſe cavity it was impri- 
ſon'd; whereas Air per'd up and agitated by heat is ableto per: 
form ſo much more conſiderable effe&s, that (not to mention 
thoſe of Rarefaction that are more obvious) the Learned Jeſuit 

OY Cabeus (he that writ of the Load-ſtone) relates, That 
My 4. he ſaw a Marble Pillar (fo vaſt, that three men to- 
Meteor: 4-. gether with difplay'd arms could not imbrace it, and 
_ that 1000 Yoke of Oxendrawing it ſeveral ways with 
all their ſtrength, could not have torn it aflunder) quite broken 
off in the midſt, by reaſon of ſome Wood, which happening to 
be burnt juſt by the Pillar the heat proceeding from the neigh. 
bouring Fir, ſo rarefied ſome Air or Spirituous Matter which 
was ſhut up in the cavities of the Marble, thatit broke through 
the ſolid Body of the Stone to obtain room toexpand it ſelf. 
I remember I have taken notice that probably the reaſon why 

the included Air did not break the hermetically ſeald Bubbles 
that remain'd intire in our emptyed Receiver, was, That the Air, 
being ſomewhat rarefied by the flame imploy'd to cloſe the 
Glaſs, its Spring, uponthe receſs of the heat, grew weaker than 
before. But though we reject not that gheſs, yet it will not in 
the preſent caſe ſerve the turn, becauſe that much ſmaller Glaſs 
bubbles exactly clos'd, will, by the included Air (though agitated 
by the heat of a very moderate Fire) be made to fly in pieces. 
Whether we may be aſliſted to falve this Problem, by conſider- 
ivg that the heat doth from within vehemently agitate the: oy 
pulcles 
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puſcles of the Air, and add its aſſiſtance to the Spring they had 
| before, I ſhall not now examine: ſincel here but propoſe 2. Pro- 

' blem, and that chiefly that by this memorable Story of Cabe- 
ws, notice may be taken of the prodigious power of Rareiaction, 
which hereby appears capable of performing ſtranger things 
than any of our Experiments have hitherto aſcrib'd to it. 

We ſhould hence, My Lord, immediately proceed to the next 
Experiment, but that we think it fit, on this occafion, to ac- 
quaint' You with what ſome former tryals (though not made in 
our Engine) have taught us, concerning what we would have 
diſcoverd by the newly mention'd Bubble that broke. And 
this the rather, becauſe, (a great part of this Letter ſuppoſing 
the gravity of: the Air) .it-will not be unpertineat to determine 
more particularly than hitherto we have done, what gravity 
we aſcribe to it. | i} DEED 

We took then an #olipxie made of Copper, weighing ſix 
ounces, five drachms, and eight and forty grains: this being 
mage as hotas-we durſt make it, (forfear of melring the mettle, 
or atleaſt the Sodar) was removed'from the fireand immediately 
ſtopped with hard Wax that no Air at all might get in at the lit- 
tle hole, wont tobe left in 2Z0/rpzles for the fumes to iſſue out at: 
Then the 7Zo/ipile being ſufferd leaſurely to cool, was again 
weighed together: with the Wax that ſtopt it, and was found to 
weigh (by reaſon of the additional weight of the Wax) fix oun- 
ces, {ix drachms, and 39 grains. Laſtly, the Wax being per- 
forated withaut'taking any of it out of the Scale, the external 
Air was ſuffered to ruſhin ( which it did with ſome noiſe ) and 
thenthe :zZalipzle and Wax, being again weighed amounted to 
ſix ounces, ſix drachms,; and 50 grains So that the Zolz- - 
Pile freed as far asourfire could freeit, fromits Air, weighed leſs 
than it lf when repleniſhed with Air, full eleven grains. That 
is, the Aircontainable within the cavity of the Ao/zpile amoun- 
ted tocleven grains andſomewhat more; I fay ſomewhat more, 
becauſeof theparticles of Air, thatwerenotdrivenby the fire out 
of 'the olipile. And by the Way '( if there be no miſtake in 
the ob{ervations of the diligent Merſexnns ) it may ſeem ſtrange 
: | V 


that © 
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that it ſhould ſo much differ from 2 or 3 of ours; in none of 
- Which we could rarefie the Air in our A#0/7pz/e (though made red 
hot almoſt all over, and ſo immediately plung'd into cold'Wa- 
ter) to half that degree which he mentions, namely to 70' times 
its natural extent, unleſs it were that the AZo/zpz/e he imploy'd 
was able to ſuſtain a more vehement heat than ours (which yet 
we kept in ſo great an one, that once the Soder melting, it tell 
afunder into the two Hemiſpheres it conſiſts of.) | 
The fore-mentioned way of weighing the Air by'the help of 
an ZEolipile, ſeems ſomewhat more exact than that which Mer: 
fennus uſed, In that in oursthe Aolipile was not weighed, till 
it was cold ; whereas in his, being weighed red hot, its ſubje& 
to loſe of its ſubſtance in_ the: cooling, for. (as we have elſe 
where noted on another accafion) Copper heated red hot; is wont 
in the cooling to throw off little thin ſcales in ſuch plenty, that 
having purpoſely watched a Copper £013pile during its refrige 
ration, we have ſeen 'the place .round about it almoſt covered 
with thoſe little ſcales it had every way ſcatter'd:: which; how. 
ever they amount not to much, ought not 'to' be over-looked, 
when tis fo light a Body as Air, that 1s to be weighed. We will 
not examine whether, the Zolip:te in cooling may not receive 
ſome little increment of weight, either from the vapidor faline 
Steams that wander up and down in the Air:' But we will-rathef 
mention, that (for the greaterexattneſs) we:rmployed to weigh 
our Elip;le, both when filld only with Air and when re- 
pleniſh'd with Water, a pair of Scales that would turn (as they 
ſpeak) with the fourth part of aigrajn. -1': | 33H, 
As to the proportion:of weight betrwixt Air and Water, ſome 
learned men haveattemptedit by ways ſo:unaccurate that they 
ſeem to have much miſtaken it. _ For {( not to mention the im- 
probable accounts of Kepler and others.) The learned and dili- 
gent Rzcczolus,, having purpoſely endeavoured to. inveſtigate this 
proportion by nieans of a thin bladder; :eftimates the weight'of 
the Airtothatof-theWatertobt as one to ten thouſand, orthets 
abouts. And indeed'T remember thati having formerly ,-6n vw 
certain occaſion, weighed alarge bladder full of Air, and-found 


. 
- 


it 
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it when the Air was all {queeſed out, to have contained four teen 
grains of Air. I found the ſame bladder afterwards filld with 
Water to contain very near 14 pound of that liquor: according 
to which account, the proportion of Air to Water was almoſt 
as 2grain toa pound, that is, as one, to above 7600. To this 
we may add, that on the other fide, Galileo himfelt uſing ano- 
ther, (but an unaccurate way too,) defined the Air to bein weight 
to Water, but as one to 4 hundred. Butthe way formerly propo- 
ſed of weighing the Air by an ZZolipile, ſeemsby great odds more 
exact; and (as far as we could gheſs) ſeemed to agree well 
enough with the Experiment made in our Receiver. Wherefore 
it will be beſt to truſt our Ao/ipzle in the enquiry we are about. 
And according to our obſervations the water it-contained amoun- 
ting to one and twenty ounces and an halt, and as much Air as 
was requiſite to fiil it weighing eleven grains, the proportion 
in gravity of Air to Water of the ſame bulk will beas one to 938. 
And though we could not fill the 2Z9/7pile with water, foexactly 
as we would, yet in regard we could not neither as perfe&tly as 
we would, drive the Air out of it by heat, we think the propor- 
tion may well enough hold: but thoſe that are delighted with 
round numbers (as the phraſe is) will not be much miſtaken it 
they reckon Water to be near a thouſand times heavier.than Air. 
And (for farther proof that we have made the proportion be- 
twixt theſe two Bodies rather greater than leſſer than indeed it 
is: andalſo to confirm our former obſervation of the weight of 
the Air) we will add, That, having another time put ſome Wa- 
ter into the ZZolpile before we ſet it on the fire, that the copi- 
ous vapoursof the rarefied liquor might the better drive out the 
Air, we found, upon tryal carefully made, that when the Z0- 
lipile was refrigerated, and the included vapours were by the 
_ cold turned again into Water (which could not have happen'd 
to the Air, that the preceding Steams expelled) the Air, when- 
it was let in, increasd the weight of the /Z0olipi/e as much as 
before, namely, Eleyen Grains; though there were already in it 
twelve Drachmsand a half, beſides a couple of Grains of Water, 
which remainedof that we had formerly put into it todrive out 
the Air. | V > Mer- 


 (_ _ 
Merſernys indeed tells us, that by his account Aris in weight 
to Water, .as 101356. And adds, that we may, without an 
danger, believe that the gravity of Water to that of Air of 
a like bulk, is not leſs than 1300 to x. And conſequently 
thar the quantity of Air to a quantity of Water equiponderant 
thereto, is as 1300 tor. But why we ſhould relinquiſh our 
own carefully repeated tryals, I fee not. Yet I am unwilling tg 
reject thofe of ſo accurate and ufefull a Writer : And theretore 
ſhall propoſe a way of reconciling our differing Obſervations, by 
preſenting, that the diſcrepance between them may probably a. 
rife from the differing conſiſtence of the Air at London andat Pa. 
ris: For our Air being more cold and moiſt, than that which 
Your Lordſhip now breaths, may be ſupposd alſo to be a fourth 
or fifth part more heavy. I leave it to be conſiderd, whether 
it beof any moment that our Obſervations were made inthe midft 
of Winter, wherels his were perhaps made in fome warmer time 
of the Year. But Ithink it were not amils, that, by the method 
formerly propos'd, the gravity of the Air were obferv'd both in 
ſeveral Countries, and in the fame Country, in the feveral Sea- 
fons of the Year and differing Temperatures of the Weather, And 
T would give ſomething of value to know the weight of ſuch an 
Zolipile:as ours full of Air, in the midft of Winter in Nova 
Zembla, if that be true which we formerly took: notice of, 
namely, That the Ho//anders, who Wintered there, found”that 
Air fo thick that their Clock would not go. ” 
ff Your Lordſhip ſhould now ask me, if T could not by the 
help of thefe, and our other Obſervations, decide the Contro- 
verſies of our Modern Mathematicians about the height of the 
Air or Atmoſphere, by determining how high it doth indeed 
reach: I ſhould anſwer, That though it ſeems eafie enough to 
ſhew that divers Famous and Applauded Writers have been mi- 
ſtaken in affigning the height of the Atmoſphere: Yet it ſeems 
very difficult preciſely to define of what height it is. And be- 
cauſe we . have hitherto but lightly touch'd upon a matter of 
fuch importance, we preſume it will not be thought imperti- 
nent, upon this occaſion, to annex ſomething towards:the Elu- 
cidation of it. What 
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' What wehave already trydandnewly ſet down, allows us to 


- take it forgranted, that (at leaſt about Zoxdor ) the proportion 


of gravity betwixt Water and Air, of equal bulk, is as of a thou- 
ſand to one. | 

The next thing therefore that we are toenquireafter, in order 
to our preſent defign, is the difference in weight betwixt Water 
and Quick-filver: And though this hath been defin'd already by 
the Hlluſtrious Yera/am, and ſome other inquiſitive Perſons, that 
have compared the weightof feveral Bodies, and caſt their Ob- 
fervations into Tables, yet we ſhall not ſcruple to annex our own 
tryals abonrt it : Partly, becauſe we find Authors conſiderably 
to diſagree; partly, becauſe we ufed exaCter Scales, and a fome- 
what more wary method than others ſeem to have done: And 
partly alſo, becauſe having profecuted our inquiry by two or 
three ſeveral ways; the ſmall difference between the events may 


. affure us that we were not much miſtaken. 


' We took then a Glafs Pipe, of the form of an inverted Siphoy, 
whoſe ſhape is delineated in the ſixteenth Figure: And pouring 
intoit a quantity of Qaick-ſilver, we held it fo, that the fuper- 
ficiesof the Liquor, both in the longer and ſhorter leg, lay in 
a Horizontal Line, denoted in the Scheme by the prick'd Line E 
F; then pouring Water into the longer Leg of the Siphon, till 
that was almoſt fill'd, we obferv'd the furface of the Quick-filver 
in that Leg to be, by the weight of the Water, deprefled, as 
from Eto B; and in the ſhorter Leg, tobe as much __ up- 
wards asfromF to C: Whereupon having formerly ſtuck marks, 
as well at the point B, as at the oppofite point D, we meaſur'd 
both the diftance DC to have the heige of the Cylinder of 
Quick-filver, which was raifed above the point D (level with 
the ſurface of the Quick-filver in the other Leg) by the weight 
of the Water, and the diſtance B A which gave us the height of 
the Cylinder of Water. So that thediſtance DC amounting to 
2 43 Inches, and the height of the Water amounting 3035 In- 
ches; and the whote numbers on both ſides, which. the annexed: 
Fractions being reduc'd to improperFractions of the fame deno- 
mination, the proportion, appear'd to be (the denominators. 

V1 being, 
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being left out as equalon both ſides) as 121 to 1665; or byre. . 
du&tion, as one to 422. | | 
Beſides this unuſual way of determining the gravity of ſome 
things, we meaſur'd the proportion betwixt Quick-lilver and 
Water, by the helpof ſo exaCt a ballance, as looſeth its qu. 
librium by the hundredth part of a Grain. But becauſe there is 
wont to be committed an overſight in weighing Quick-filverand 
Water, eſpecially if the Orifice of the Veſſel wherein they are put 
be any thing wide, in regard that men heed not that the ſurtace 
of Water in Veſſels will be concave, but that of Quick-ſilver 
notably convex cx protuberant: Toavoid this uſual overſight (I 
ſay) we made uſe of aGlaſs bubble, blown very thin at the Flame 
of a Lamp, that it might not be too heavy for the Ballance, and 
terminating ina very ſlender neck wherein the concavity or con- 
vexity of a Liquor could not be conſiderable: This Glaſs weigh: 
ing 23% Grains, wefilld almoſt with Quick-ſilver, and faſtning 
a mark over againſt the middle of the protuberant Superficies as 
near as our Eyes could judge, we found that the Quick-ſilyer a- 
lone weighed 29942 Grains; Then the Quick-ſilver.being pourd 
out, and the ſame Glaſs being filld as full of common Water, we 
found the Liquor to weigh 213 Grains. Whereby it appeard 
the weight of Water to Quick-filver, is as oneto 1323: Though 
our: Illuſtrious Vera/am (queſtionleſs not for want of Judgment 
or Care, but of exact Inſtruments) Makes the proportion betwixt 
thoſe two Liquors to be greater than of r-to 17. And to add, 
that upon the bye, ſince Quick-filver and well reCtified Spirit of 
Wine, are (how juſtly I ſay not) accounted, the'one the heavieſt,, 
and the other the lighteſt of Liquors; we thought to fill the ſame 
Glaſs, and with the fame Scales to obſerve the difference betwixt 
them, which we found to be as of x to 16,54:; whereby it ap- 
pear'd, That the difference betwixt Spirit of Wine, that may be 
made to burn all away, (ſuch as was ours) and common Wa- 
ter, is as betwixt I and 14. nes 

Wemight here take occaſion to admire, that though Water (as 
appeard by the Experiment formerly mention'd of the Pewter 
Veſſel) ſeems not capable of any conſiderable condenfation, 
Ry je” nd and 
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and ſeems not to have interſperſed in it any ſtore of Air; yet 
Quick-filver, of no greater bulk than Water, ſhould weigh near 
fourteen times as much. Burt having only'pointed at this as a 
thing worthy of conſideration, we wilt pr6ceed/in our inquiry af- 
ter the height of the Atmoſphere: And to: avoid the trouble: of 
Fractions, we will aſſume, that-Quick:filver is fourteen times as 
heavy as Water, ſince it wants o little of being ſo. 
Wherefore, having now given us the proportion of Air to 
Water, and Water to Quick-lilver, it will be very eaſie to find 
the proportion betwixt Air and Quick-filver,” in caſe we will 
ſuppoſe the Atmoſphere to be uniformly of ſuch a conſiſtence 
as the Air we weighed here below. For ſince our Engine hath 
ſufficiently manifeſted that 'tis the Aquilibrium with the exter- 
nal Air, that in the 7orrice/ian Experiment keeps the Quick- 
ſilver from ſubſiding; 'And ſince; by our' accurate Experiment 
formerly mention'd, it appears that a Cylinder of Mercury, 
able to ballance a Cylinder of the whole Atmoſphere, amoun- 
ted” to near about thirty: Inches; and' ſince, conſequently we 
may aſſume the proportion of Quick-ſiFrer to Air to be as four- 
teen thouſand to one ; it will follow, that a Cylinder of Air, 
capable to maintain an Zqui/ibrium, with a Mercurial Cylin- 
der of two Foot and an half in height, muſt amount to'3 5000 
Feet of our Engliſh meaſure; and conſequently (reckoning five 
Foot to.a Geometrical Pace, 'and one thouſand ſuch Paces to a 
Mile) to ſeven full Miles. y EDS BEAALIN 5 
But this (as we lately intimated) proceeds upon the ſuppoſi- 
tion,: that. the Air-is every where of 'the ſame conſiſtence that 
wefound itnear the ſurface of the Earth; 'but that 'cdnnor with 
any fafery: be concluded, - not orilyifor the reafon'T find-to haye 
been takennoticeof- by the Ancients, andtinigexpreft in Seneca, 
Omnis Atr (fayshe) quo propior eſt terris hoc craſs. 0 7 
fior ; quemadmodum in aqua & in omni hamore. fe x eaſy 
ima eſt, ita in Atre |ſpiſſiſima-quey; defigunt; but oo 
much more, - becauſe the ſpriigy Texture of the Avid Cbrpwl-) 
cles; makes them capable of a very gtearicompretiionywhanthe 
weight of the incymbentpart of tlie Arrtzoſpheteris ven dufhe 
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cient to give thoſe that be undermoſt and near the ſurface of the 
Farth. And if we recall to mind thoſe former Experiments, 
whereby we have manifeſted, That Air, much rarefied with- 
out heat, may eaſily admit a farther rarefa&tion from heat, and 
That the Air, even without being expanded by heat, is capable 
of being rarefied to above one hundred and filty times the ex- 
tent it uſually pofſeſſeth here below ; How can it be demonſtra. 
ted that the Atmoſphere may not, for ought we know, or at 
leaſt for ought can bedetermin'd by our Statical and Mechanical 
Experiments, riſe to the height of Five and twenty German 
Leagues, if not of ſome hundred of common Miles ? 

And this cosjecture it felt may appear very injurious to the 
height whereuntoExhalations may aſcend, if we will allow that 


there was nomiſtakein thatſtrange Obſervation made at 7oloaſe 


in a clear Night in Aug«ſt, by the diligent Mathematician Ema- 
muel Magnan, and thus Recorded by Riccio/us, for. I have not 
Ricciol, Ars. Nov. Tin, 2, 25 and the Author's own Book: Y7dit 
kb. 10. ſe. 6. prop. go. Ex (lays he) ab hora undecima poſt meridiem 
Magnan. lib. 1. Perjpeltive uſque ad mediam nottem Luna infra hori- 
—— 2zontem pofita, nubeculan  quandam lucidam 


prope Meridianum fere uſque ad Zenith diffuſam que conſideratis 


omnibus non poterat nifi a ſole iuminari; ideoque altior eſſe de. 
buit tota umbra terre. Addit ( continues Ricciolus ) fimile quid 
eveniſſe Michaeli Angelo Riccio apud Sabinos verſanti nempe viro 
in Mathefi eruditiſſimo. : | 1x aA 

' Various 'Obſervations made at the feet, tops, and interjacent 
parts of high Mountains, might perchance ſomewhat aſliſt us to 
make an eſtimate in, what proportion, if in any certain one, the 

joher Airisthicker thanthe lower, and gheſs at the difform con-. 
fiſtence, as to laxity and compattnels of :the Airat feveraldiſtan- 
ces fromus. And if thedifficulties about the refra&ions of the 
Celeſtial Lights, were ſatisfaQorily determin'd, that might alſo 
much conduce to. the. placing due. limits: ta the Atmoſphere. 
( whoſe;Nimenſions| thoſe Obſervations about Refraftions ſeem 
hithertd much. to cantraQ;:)" But: for the preſent we dare not 


procounce any. thing peremptorily concerning the height = it, 
14'S, ut 
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þut leave it to farther inquiry : contenting our ſelves to have 
manifeſted the miſtake of divers eminent Modern Writers, 
who: will not allow the : Atmoſphere to exceed above two or 
three Miles in height (as the Famous Fepler will not the 4#; 
refrattivus ) and to have rendred a reaſon why in the mention 
we made in the Notes upon the firit Experiment touching the 
height of the Atmoſphere, we ſcrupled not to ſpeak of it, as if 
it might be many Miles high. 


EXPERIMENT XXXVIL 


E will now proceed torecitea Phenomenon,which,though 
WW madeamoneglſt the firſt, we thought fit not to mention 
till after many others, that we might have the opportunity to 
obſerve as many Circumſtances of it as wecould, and ſo preſent 
Your Lordſhip at once, moſt of what we at ſeveral times have 
taken notice of concerning ſoodd a Phenomenon. 

Our Engine had not been long finiſh'd, when, at the firſt lei- 
ſure we'could ſteal from our occaſions to make trial of it, we 
cauſed the Air tobe pump out of the Receiver ; and whilſt I 
was buſied in entertaining a Learned Friend that juſt then came 
to viſit me, an Ingenious By-ſtander, thought he perceiv'd ſome 
new kindof Light .in the. Receiver, of which giving me haſti- 
ly notice, my Friend and I preſently obſerv'd, that when the 
Sucker was drawn down, ' immediately upon the turning of the 
Key, there appear a kind of Light in the Receiver, almoſt like 
a faint flaſhof Lightning 1in the Day-time, and almoſt as ſud- 
denly did it appear and vaniſh. Having, not without ſome amaze- 
ment, obſerv'd divers of theſe apparitions of Light,we took notice 
that the Day was clear, the.hour aboutten in the Morning, that 
the only Window in the Room faced the North; and alſo, that by 
interpoſing a Cloak, or any opacous Body between the Recei- 
ver and the Window, though the reſt of the Room were ſuffi- 
ciently enlightned, yet the flaſhes did not appear as before, un- 
leſsthe opacous Body. were removed. But not being able on 


all 'thefs Circumſtances to ground any firm Conjecture at. 


the cauſe of this ſurpriſing Phanomenon, as ſoon as Night 
Was 
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was come, wemade the Room very dark; andplying the Pump, 
as in the Morning, we could not, though we often try'd, find, 
upon the turning of the Key, ſo much as the leaſt -glimmering 
of Light; whence we infferred, that the flaſh appearing in the 
Receiver, did not proceed from any new Light generated there, 
but from ſome reflexions of the light of the Sun, or other Ly- 
minous Bodiesplac'd without it; though whence the Reflexion 
ſhould proceed, it posd us to conjecture. | o 
Wherefore the next Morning, . hoping to inform our ſelves 
better, we went about to repeat the Experiment, but though 
we could as well as formerly exhauſt the Receiver, though th 
place wherein we made: the trial was the very ' ſame ; afd 
though other Circumſtances were reſembling, yet we could 
not diſcover the leaſt appearance of Light all that Day, nor on 
divers others on which trial was again fruitleſly made ; nor can ! 
we to this very time be ſure a Day before-hand that theſe Fla 
ſhes will be to-beſeen in our great' Receiver. | Nay, having once 
found the Engine ina good humour: (if Tmay ſo ſpeak) to ſhew 
this trick, and ſent noticeof it toour Learned Friend Dr. Wallis, 
who expreſsd a great deſire to ſee this Phenomenon, though he 
were not then above a Bow-ſhoot off, and made haſte to fatisfic 
his Curioſity ; yet by that time he was come, the thing he came 
for was no longer tobe ſeen ; ſo that having vainly endeavour. | 
ed to exhibit again the Phzxomenon in his prefence, I began to 
apprehend what he might think of me, when unexpettedly the 
Engine preſented us a flaſh, and after that a ſecond, and as ma 
ny more, as ſuffic'd to fatisfie him that we might very well con- 
fidently relate, that we have our ſelves ſeen this Phanomemey, 
though not confidently promiſe to ſhew it others. | 
And this unſucceſsfulneſs whereto our Experiment is liable, 
being ſuch, that by all our watchfulneſs and trials, we could ne- 
ver reduce it to any certain Rules or Obſervations; ſince in all 
conſtitutions of the Weather, times. of the Day, Gc. It will 
ſometimes anſwer, and ſometimes diſappoint our-expeCtations; 
We are much difcouragd from venturing to-frame an m_—_— 
fis to give an account of it : which if the Experiment = _ 
antly 
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ſtantly ſucceed, might themore hopefully be attempted; by the _ 
help of the following Phenomena laid together: ſome of them 
produc'd upon trials purpoſely made to examine the validity of 
the conjectures, other trials had ſuggeſted. 

Firſt then we obſerv'd, that the Apparition of Light may be 
made as well by Candle-light, as by Day-light; and in what- 
ey poſition the Candle be held, in reference to the Receiver, 

n this or that hand of it, above it, beneath it, or any other 
Fay, provided the beams of Light be not hinder'd from falling 
upon the Veſlel. | 

Next, we noted that the flaſh appears immediately upon the 
turning of the Key, to letthe Air out.of the Receiver into the 
emptied Cylinder, in ſo much that I remember not that when 
atany time in our great Receiver, the Stop-cock was open'd be- 
fore the Cylinder was exhauſted (whereby it came to paſs that 
the Airdid rather-deſcend, than ruth into the Cylinder) the of- 
ten mentioned flaſh appear'd to our eyes. 

Yet, we farther obſerv'd, that when inſtead of the great Re- 
ceiver we made uſe of a ſmall Glaſs, not containing above a 
pound and a half of Water, the Ph2nomenon might be exhibit- 
ed though the Stop-cock were open, provided the Sucker were 


drawn nimbly down. 


We noted too, that when we began to empty the Receiver, 
the appearances of Light were much more conſpicuous than to- 
wards the latter end, when little Air at a time could paſs out of 
the Receiver. . 

We obſerved alſo, that when the Sucker had not been long 
before well OylI'd, and inſtead of the great Receiver, the ſmaller 
Veſſel above-mention'd was emptied ; We obſerv'd, I fay, that 
then, upon the opening of the Stop-cock, as the Air deſcendedt_ 
out of the Glafs into the emptied Cylinder, ſo at the fame time 
there aſcended out of the Cylinder into the Veſlela certain ſteam, 
which ſeenr'd to conſiſt of very little Bubbles, or other minute 
Corpuſcles thrown up from the Oyl, rarefied by the attrition: 
it ſuffered in the Cylinder. For at the fame time that theſe: 


_ Steams aſcended into the Glaſs, ſome of the ſame kind maniteſt- 
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ly iſſued out like a little Pillar of Smoke at the Orifice of the 
Valve, when that was occaſionally opened. And theſe Steam 
frequently enough preſenting themſelves to our view, we found, 
by expolingthe Glaſs to a clear Light, that they were wont to 
play up and downin it, andſoby their whitiſhneſs, to emukte 
in ſome meaſure the apparition of. Light. | 

For we likewiſe ſometimes found, by watchfull obſervation, 
that when the Flaſh was great, not. only at the very inſtant 
the Receiver loſt of its tranſparency , by appearing full of 
ſome kind of whitiſh ſubſtance; but that for ſome ſhort time 
aſter the ſides of the Glaſs continued fomewhat opacous, and 
ſeem'd to be darken'd, as if ſome whitiſh Steam adher'd to the 
inſide of them. 969 

He that would render a Reaſon of the Phanomenon, whereof 
all theſe are not all the Circumſtances, muſt do two things; 
whereof the one is difficult, and the other little leſs than im- 
poſſible: For he muſt give an account not only whence the ap- 
pearing whiteneſs proceeds, but wherefore that whiteneſs doth 
ſometimes appear, and ſometimes not. ' + F; 9%. "1 

For our part, wefreely confeſs our ſelves at a loſs about ren- 
dering a Reaſon of the leſs difficult part of the Problem: And 
though Your Lordſhip ſhould ev'n preſs us to declare what Con- 
jecture it was, that the above recited Circumſtances ſuggeſted 
to us, we ſhould propoſe the thoughts we then had, no other- 
wiſe than as bare ConjeCtures. 

In caſe then our Phenomenon had conſtantly and uniformly 
appear'd, we ſhould have ſuſpeCted it to have been produc'd at- 
ter ſome ſuch manner as follows. 

Firſt, we obſerv'd that, thoughthat which we ſaw in our Re- 
ceiver ſeem'd to be ſome kindof Light, yet it was indeed but a 
whiteneſs which did (as hath already been noted opacate (as 
ſome ſpeak) the inſide of the Glaſs. 

Next weconſiderd, that our common Air abounds with Par- 
ticles,” or little Bodies, capable to refle& the beams of Light. Of 
this we might eaſily give divers proofs, but we ſhall name but 
two: The one, that vulgar obſervation'of the Motes that appear 

| - in 
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*1 multitudes ſwimming up and down in the Air, when the Sun- 
beams ſhooting into a Room, or any other ſhady place, diſcover 
them, though otherwiſe the Eye cannot diſtinguiſh them from 
the reſt of the Air: The other proof we will take from what we 
(and no doubt very many others) have obſerv'd, touching the 
Tumination of the Air in the Night. And we particularly re- 
member, that, being at ſome diſtance from Loydox one Night, 
that the People, upon a very welcome occaſion, teſtified their 
Joy by numerous Bon-fires; though, by reaſon of the Interpoſi- 
tionof the Houſes, we could not ſee the Fires themſelves, yet we 
could plainly ſee the Air all enlighten over and near the City ; 
which argu'd, that the lucid Beams ſhot upwards from the fires, 
met in the Air with Corpuſcles opacous enough to refle& them 
to our Eyes. | | 

A third thing that we conſidered, was, That white may be 
produc'd (without excluding otherways, or denying inviſible 
Pores in the ſolideſt Bodies) when the continuity of a Diaphanous 
Body happens to be interrupted by-a great number of ſurfaces, 
which, like ſo many little Looking-glaſſes, do confuſedly repre- 
ſent a multitude of little and ſeemingly contiguous Images of the 
lucid Body. We ſhall not inſiſt on the explanation of this, 
but refer You forit to what we have faid in another Paper (touch- 
ing Colours.) But the Inſtances that ſeem to prove it are obvi- 
ous: For Water or whites of Eggs beaten to froth, do loſe their 
tranſparency and appear white. And having out of one of our 
leflers Receivers carefully drawn out the Air, and ſo order'd it, 
that the hole by which the Water was to get in, was exceeding 
ſmall, that theLiquor might be the more broken in its paſſage 
thorow it, we obſervd with pleafare, That, the Neck being 
held under Water, andthe little hole newly mention'd being 
open'd, the Water that ruſhed in was ſo broken, and acquired 
ſuch a multitude of new Surfaces, that the Receiver ſeem'd to 
be full rather of Milk than Water. We have likewiſe found out, 
That by heating a lump of Cryſtal to a certain degree, and 
quenching it in fair Water, it would be diſcontinu'd by ſuch a 
multitudeof Cracks, (which created new Surfaces within it) that 
| X 3 though 
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though it would not fall aſunder, but retain its former ſhape; 
yet it would loſe its tranſparency, and appear white. 

Upon theſe Conſiderations, My Lord, and ſome others, it 
ſcem'd not abſurd toimagine, That upon the raſhing of the Air 
out of the Receiver intotheemapty'd Cylinder, the Air in the 
Receiver being ſuddenly and vehemently expanded, the Tex- 
ture of it wasas ſuddenly alter'd, and the parts made ſo to ſhift 
places (and perhaps ſome of them to change poſtures) asdurin 
their new and vehement motionand their varied ſituation, to di: 
{ſturb the wonted continuity, and ſothe Diaphaneity of the Air; 
which (as we have already! noted) upon its ceaſing to be a tran-. 
ſparent Body, without theinterpoſition of colour'd things, muſt 
eaſily degenerate into white. 

Several things there were that made this Conjecture ſeem the 
leſs improbable. As firſt, That the whiteneſs always appeard 
Sreater when theexſuCtion began to be made, whilſt there was 
{tore of Air inthe Receiver, than when the Air was in great part 
drawn out. And next, That, having exhauſted the Receiver; 
and apply'd to the hole in the Stop-cock a large bubble'of clear 
Glaſs, in ſuch a manner, that we couldat pleaſure let the Air paſs 
out at the ſmall Glaſs into the great one, and eaſily fill the ſmall 
one with Air again, We obſerv'd with pleaſure, That, upon the 
opening the paſſage betwixt the two Glaſſes, the Air in the ſmal- 
ler having ſomuch room in the greater to receive it, the Diſſili- 
tion of that Air was ſo great, that the ſmall Viol ſeem'd to be 
full of Milk ; and this Experiment we repeated ſeveral times, 
To which we may add, That, having provided a ſmall Recei- 
ver, whoſe upper Orifice was ſo narrow that I could ſtop it with 
my Thumb, I obfſerv'd, that when, upon the exſuction of the 
Air, the capacity of the Glaſs appeard white, if, by a ſudden re- 
movalof my Thumb, I let in the outward Air, that whiteneſs 
would immediately vaniſh. And whereas it may be objected, 
That in the Inſtance formerly mention'd, Water turning from 
perſpicuousto white, there intervenes the Air, which is a Body 
of a Heterogeneous nature, and mult turn it into Bubbles to make 


it loſe its tranſparency. We may borrow an Anſwer from an 
Expe- 
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Experiment we deliver in another Treatiſe, where we teach, 
how to make two very volatile Liquors, which being gently 
put together, are clear as Rock-water, and yet will almoſt in a 
moment, without the ſub-ingreſſion of- Air to turn them into 
Bubbles, ſo alter the diſpoſition of their inſenſible parts, as to 
become a white and conſiſtent Body. And this happens net 
as in the precipitation of Benjamin, and ſome other Reſinous 
Bodies, which being diſſolv'd in ſpirit of Wine, may, by the 
effuſion of fair Water, be turn'd into a ſeemingly Milky ſubſtance. 
For this whiteneſs belongs not to the whole Liquor, but to 
the Corpuſcles of the diffolyd Gum, which atter a while 
ſubſiding leave the Liquor tranſparent, themſelves only remain- 
ing white : Whereas in our caſe, 'tis from the vary'd textureof 
the whole formerly tranſparent fluid Body, and not from this 

or that part, that this whiteneſs reſults : For the Body is white 
' throughout, and will long continue ſo; and yet may, in proceſs 
of time, without any addition, be totally reduc'd into 'a tran- 
ſparent Body as before. | 

But beſides the Conje&ure inſiſted on all this while, we ground- 
ed another upon the following Obſervation, which was, That ha- 
ving convey d ſome ſmoke into our Receiver plac'd againſt a 
Window, we obſerv'd, that upon the exſufQtion of the Air, the 
Corpuſcles that were ſwimming in it, did manifeſtly enough 
make the Receiver ſeem more opacous at the very moment of 
the ruſhing out of the Air: For conſidering that the whiteireſs, 
whoſe cauſe we enquire of, did but ſometimes appear, it ſeem'd 
' not impoſſible but that at ſuch. times the Air in the Receiver 
might abound with Particles, capable of refleCting the Light in 
the manner requiſite to exhibite a white colour, by their being, 
put into a.certain unuſual Motion. As may be in- ſome mea- 
{ure illuſtrated by this, That the new motion of the freſhly men- 
tion'd Fumes, made the inſide of the Receiver appear ſomewhat 
darker than before':: And partly by the nature of our formerly 
mention'd ſmoking Liquor,whoſe parts,though they ſeem'dtran- 
fparent whilſt they compos'd a Liquor, yet when the ſame Cor- 
puſcles, upon the unſtopping of the Glaſs, were put into a- new 
mot1on,, 
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motion, and diſposd after a new manner, they did opacate that 
part of the Air they mov'd in, and exhibited a greater white. 
neſs than that which ſometimes appears in our Pneumatical Veſ. 
ſel. Nor ſhould wecontent our ſelves with this ſingle Inſtance, 
to manifeſt, That little Bodies, which being rang'd after one 
manner, are Diaphanous and Colour-leſs, may, by being bare. 
ly agitated, diſpersd, and conſequently otherways rangd, ex. 
hibit a- colour, if we were not unwilling to rob our Collec- 
tion of Experiments concerning Colours. 

But, My Lord, I foreſee You may make ſome ObjeCtions 
againſt our propoſed gheſs, which perhaps I ſhall ſcarce be able 
to anſwer, eſpecially, if You inſiſt upon having me render a 
Reaſon why our Phenomenos appears not conſtantly. 

I might indeed anſwer, that probably it would do fo, if in- 
ſteadof our great Receiver we uſe ſuch a ſmall Viol as we have 
lately mention'd, wherein theDiſſilition of the Air being much 
greater, is like to be the more conſpicuous : Since I remember 
not that we ever made our trial with ſuch ſmall Veſſels, without 
finding the expeCed whiteneſs to appear. But it would remain 
to be explicated, why in our great Receiver the Phenomenon 
ſhould ſometimes be ſeen, and oftentimes not appear. And 
though that Conje&ure which we laſt made ſhould not be re- 
jected, yetif we were farther preſsd to aſſign a reaſon why the 
Air ſhould abound with ſuch Particles, as we there ſuppoſe, 
more at one time than another, we arenot yet provided of any 
better Anſwer, than this general one, That the Air about us, 
(and much more that within the Receiver,) may be much al- 
terd by ſuch cauſes as few are aware of : For, not to repeat 
thoſe probable Arguments of this Aſfertion which we have oc- 
caſionally mention'd here and there in the former part of this 
Epiſtle, we will here ſet down'two or three Inſtances to verific 
the ſame Propoſition. Firſt, I find that the Learned Foſephus 


Acoſta, among other Judicious Obſervations he made in Ame- 


Joſeph.Acoſts's Wat.end 7ica, hath this concerning the effeAtsof ſome 
ap Hyſt. of the Indies, Winds: There are (faith he) Winds which 
ON II naturally trouble the Water of the Sea, and 

. make 
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Spring, we took pleaſure to ob 
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wake it green, and black; others, clear as Cryſtal. Next, we 
have obſerv'd, That though we convey'd into the Receiver our 
Scales, and the Pendula formerly mention'd, clean and bright; 
yet after the Receiver had been empty'd, and the Air let in 
ain, the gloſs or Juſtre both of the one, and of the other, ap- 
pear tarniſh'd by a beginning ruſt. And in the laſt place, we 
will ſubjoyn an Obſervation we made ſome Years ago, which 
hath been heard of by divers Ingenious Men, and ſeen by ſome 
of them : We had, with pure Spirit of Wine, drawn a Tincture 
out of a certain Concrete which uſeth to be reckon'd among 
Mineral Bodies; And this Tin&ture being very pure and tran- 
__ wedid, becauſe we put a great value upon it, put into a 
ryſtal Viol which we carefully ſtoppd, and lock'd up in a 
Preſs among ſome other things that we ſpecially priz'd. This Li- 
quor being a Chymical Rarity, and beſides very defecate, and of 
a pleaſing Golden colour ; we had often occaſion to look upon 
it, and ſo to take notice, that one time it ſeem'd to be very much 
troubled, and not clear as it was wont to be: Whereupon we 
imagined, that though it would be ſomething ſtrange, yet it was 
not impoſſible, that ſome Precipitation of the Mineral Corpuſ. 


| cles was then happening, and that thence the Liquor was opaca- 


ted. But, finding after ſome days that though the expected Pre- 
cipitation had not been made, yet the Liquor, retaining its for- 
mer vivid Colour, was grown clear again as before ; we ſome- 
what wondered at it, and locking it up again inthe ſame Preſs, 
we reſolved to obſerve, both whether the like changes would a- 
gain appear in our Tincure; and whether in caſe they ſhould 
appear, they would be aſcribable to the alterations of the Wea- 
ther. But though, during the uny part of a Winter and a 

erve, how the Liquor would of- 
ten grow turbid, and after a while clear again: Yet wecould not 
find that theſe Mutations depended upon any that were mani- 
feſt in the Air, which would be often dark and clouded, when 
the TinCture was clear and tranſparent; as on the other ſide, in 
clear Weather the Liquor would appear ſometimes troubled, 
and more opacous. So that being unable to give-an account of 
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theſe 
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theſe odd changes in our TinQure (v hich we ſuppoſe we have 
not yet loſt, though we know not whether it hath loit its fickk 
Nature) either by thoſe of the Air, or any thing elle that oc. 
curr'd to our thoughts; we could not but ſuſpect, that there 
may be in divers Bodies, as it were Spontaneous Mutations, that 
is, ſuch changes as depend notupon maniteſt Cauſes. Burt, My 
Lord, what hath been all this while faid concerning our Phe. 
nomenon, is offer d to You, not as. containing a fatisfatory ac- 
count of it, but to aſſiſt You to give Your ſelt one. 


EXPERIMENT XXXVIII. 


E took a Glaſs Veſſel, open at the top, and into it weput 

2 mixture of Snow and common Salt, (ſuch a mixture 

as we have in another Treatiſe largely diſcourſed of ) and into 
the midſt of this mixture we ſet a Glaſs, of a Cylindrical 
form, cloſely ſtopp\ at the lower end with Plaiſter, and open 
at the upper, at wluch we filld it with common Water. The 
things being let down into the Receiver, and the Pump being fet 
on work,the Snow began to melt ſomewhat faſter than weexpe: 
ed; Wherher upon the account of the exſu&tion of the Air, or 
becauſe there was but little of the Snow, or whether for any 
other Reaſon, it appeard doubtfull. But however, by that time 
the Receiver had been conſiderably exhauſted, which was done 
in leſs than-4 of an hour, weperceived the Water near the bot- 
rom of the Glaſs Cylinder to Freeze, and the Iceby a little long: 
er-itay, ſeem'd to encreaſe, and to rife ſomewhat higher than 
the ſurface of the ſurrounding Liquor, whereinto almoſt all } 
the: Snow and Salt were refolv'd. The Glaſs being taken out, 
it appeard that the Ice was as thick as the inſide of the Glaſs it 
filld, though into that I could put my Thumb. The upper ſur- 
face of the Ice was very concave, which whether it were due 
to any unheeded accident, or to the exfuction of the Air, we 
leave to be determin'd by farther trial. And laſtly, the Ice held 
againſt the Light, appeard not deſtitute of Bubbles, though 
ſome By-ſtanders thought they were fewer than would have 
becn- found it the Water had been frozen in the open Air. The 
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kke Experiment we tryd alſo another time in one of our ſmall 
Receivers, . with not unlike ſucceſs, | 
And on this occaſion, My Lord, give me leave to propofe a 
Problem, which ſhall be this: Whence proceeds that ſtrange. 
force that we may ſometimes obſerve in frozen Water, to break 
the Bodies that impriſon it, though hard and folid? That there 
is ſucha force in Water exposd to Congelation, may be gather- 
ed not only from what may be often obſervd in Winter,* of 
the burſting of Glaſſes too cloſe ſtoppd, filld with Water or a- 
queous Liquors, but by Inftances as much more conf:derable_ as 
lefs obvious. For I remember, that an Ingenious Stone-cutter 
not long fince complain'd to me, That fometimes, through the 
negligence of Servants, the Rain being ſuffered to ſoak into 
Marble Stones, the ſupervening violent Frofts would burſt the 


' Stones, to the Poſſeſſour's no ſmall damage. And I remem- 


ber another Tradeſ-man, in whoſe Houſe I had Lodgings, was 
laft Winter complaining, that even Implements made of Bell- 
metal, being careleſly expos'd to the wet, have been broken 
and ſpoild by the Water, which, having gotten into the little 
Cavities and Crannies of the Metal, was there afterwards fro- 
zen and expanded into Ice. And to theſe Relations, we can add 
one of the formerly mention'd Cabew's, whereby Inlib.q. Meteor, 
they not only may be confirm'd, but are ſurpaſsd: 4#- 
For he tells us, That he faw a huge Veſſel of exceeding hard 
Marble, ſplit aſunder by congeald Water, whoſe raretaCtion, 
faith our 'Author, prov'd fo vehement, that the hardneſs of the: 
Stone yielded toit; and fo a veſſel was broken; which would not 
have been ſo by 100 Yoke of Oxen drawing it ſeveral ways. I 
know, My Lord, that to ſolve this Problem, it will be faid, That 
Congelation doth not (as is commonly, but erroneouſly. pre- 
ſum'd) reduce Water into leſs room than it poſſeſsd before, 
but rather makes it take up more. And I have elſewhere 
prov'd by particular Experiments, "That whether or noTce may 
be truly faid to be: Water rareffd (for that ſeems queſtionable) 
it may be faid to take up more room than the Water did before 
Glaciation. But though we grant that freezing makes Water 
| 2 ſwell, 
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ſwell, yet, how cold (which in Weather-Glaſſes manifeſtly con. 
denſeth the Air) ſhould expand either the Water, or the inter. 
cepted Air ſo forcibly, as to perform ſuch things as we have 
newly related, will yet.remain a Problem. 


EXPERIMEN T XXXTX&. 


| E took an Oval Glaſs, clear and (leſt it ſhould break) 

* pretty ſtrong, with a ſhort Neck at the obtuſer end; 
through this Neck, we thruſt almoſt to the bottom, a Pipe of 
Glaſs, which was cloſely cemented to the newly mention'd Neck, 
the upper part of which Pipe, was drawn in ſome places more 
ſlender than a Crows Quill, that the changes ot the Air in that 
Glaſs Egg might be the more conſpicuous; 'Then there was con- 
vey'd into the Glaſs five or ſix Spoon-tulls of. Water, part of 
which, by blowing Air into the Egg, wasraisd into the above. 
mention'd ſlender part of the Pipe, ſo that the Water was inter 
posd between the external Air, and that included in the Egg, 
This Weather glaſs (delineated in the tourteenth Figure) was fo 
plac'd, and closd up in the cavity ot one of our ſmall Receivers, 
that only the ſlender part of the Pipe, to the height of four or 
five Inches, paſſing thorow a hole in the Cover remain exposd 
tothe open Air. 

The Pump being ſet a work, upon the exſuCtion of the Air, 
the Water in the Pipe deſcended about a quarter of an Inch, and 
this upon two or three reiterated trials ; which ſeem'd ſufficient- 
ly to argue, that there was no heat produed in the Receiver up- 
on the exſuction of the Air: For even a little heat would proba- 
bly have been difcover'd by that Weather-glaſs, ſince upon the 
tare application of my hand to the outſideof the Receiver, the 
warmth having aſter ſome time been communicated or propaga- 
| ted through both the Glaſſes, and the interval betwixt them, 
to the impriſon'd Air, did ſo rarefie that, as to inable it, by 
preſſing upon the ſubjacent Water, to impel that in the Pipe 
very many times as far as it had fallen downwards upon the ex- 
ſuction of the Air. 

Yet ſhall not we conclude, that in the cavity of the —_ 
t 
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the cold was greater after the exſuftion of the Air than be- 


fore. . 

For if it be demanded what then could cauſe the fore-men- 
tion'd ſubſidingof the Water ? it may be anſwered, That pro- 
bably it was the reaching of the Glaſs Egg, which, upon the ex- 


ſuction of the ambient Air, was unable to reſiſt altogether as 


much as formerly the preſſure of the included Air, and of the 
Atmoſphere, which, by the intervention of the Water, preſsd 
upon its concave ſurface: Which ſeem'd probable, as well by 
what was above deliver, in the Experiment about the breaking 
of the Glaſs by the force of the Atmoſphere; as by this notable 
Circumſtance (which we divers times obſervd) That whenby 
drawing the Air out of the Receiver, the Water in the Pipe 
was ſubſided, upon the re-admiſſion of the external} Air, to 
preſs againſt the convex ſurface of the Egg, the Water was pre- 
ſently re-impelld to its former height : Which would perhaps 
appear leſs ſtrange to Your Lordſhip, if You had yet ſeen, what 
we have heretofore taught in another 'Treatiſe, concerning the 
Spring that may be diſcoverd in Glaſs, as rigid and inflexible a 
Body as it is generally eſteem'd. - And in the mean while it may 
ſerve the turn, to cauſe a Glaſs Egg tobe blown exceeding thin; 
and then, having broken it, try how far you can by degrees 
bend ſome narrow parts of it; and how readily, upon the re- 
moval of what kept it bent, it will reſtore it ſelf to its former 


{ . ſtate or poſture. But toreturn to our Experiment: From thence 
_ it ſeems probable, either that there ſucceeds no Body in the 


room of the Air drawn out of our Receiver; or. that it is not 
every Matter that is ſubtle enough readily to paſs through the 
Pores of Glaſs, that is always agitated enough to produce Heat 
where ever it is plentitully found. So that it no Facaum be to 
be admitted, this Experiment feems to invite us to allow a great 
diſparity, either as to bulk, or as to agitation, or as to both, be- 
twixt ſome parts of the Etherial ſubſtance, and thoſe that are 

wont here below to produce Heat and Fire. 
Wetry dalſo what Operation the drawing out of the Air would 
have upon Camphire, that being a Body, which, though not a 
V. Liquor, 
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Liquor, conſiſts of ſuch Volatile or Fugitive parts, that without 
any greater agitation than that of the open Air it ſelf, they wil 
copiouſly flie away. But we found not that even this looſe Body 
was ſenfibly alterd by the exſuftion of the ambient Air. 
5 EXPERIMENT XL. _ 
T may feem well worth trying, whether or no in our exhay. 
ſted Glaſs the want of an ambient Body, of the wonted 
thickneſs of Air, would diſable even light and hittle Animals, a 
Bees, and other winged InſeQts, to fly. But though we eafily 
forefaw how difficult it'would be to make ſuch an Experiment; 
yet not to omit our endeavours: We-procurd a large Fleth Fly, 
which we convey'd intoa ſmall Receiver. We alfo another time 
{but into a great Receiver a Humming Bee, that appear ſtrong 
and lively, though we had -rather have made the trial with a 
Butter-fly, it the cold Seaſon would have permitted ns to find 
BYE £ any. * The Fly, after ſome exfuCtons of 
og oeery, 4 = the Air, droppd down fromthe ſide of the 
curd a white Buter-Fl, Glaſs whereon ſhe was walking : But, that 
ex Sag in oe 9 9 the Experiment with the Bee might be the 
though at firſt he flattered more inſtructive, we convey d in: with her 
up and down, yet preſently, q bundle of Flowers, which remain'd ſuf 
apon the exſuttion of the . 
dir, he fell down as in a pended by a ſtring near the upper part of 
ſwoon , retaining no other the Receiver: And having: provok'd the 
prong orup bye 7M" Bee, we excited her to. flie up and:down, 
| the capacity of the Veſſel, till at length, . 
as we defird, the lighted: upon the Flowers; whereupon we 
preſently began to.draw out the Air,and obſervd, That though 
tor ſome time the Bee ſeem'd to-take no- notice of 1t, yet with: 
in a while after ſhe did not flie, but fall down from the Flow- 
ers; without appearing to make any uſe of her Wings to help 
her ſelf. But whether this fall-of the Bee,. and the other InſeR, 
proceeded from the mediums being too thin for them to flie in, 
or barely from the weakneſs, and as it were ſwooning of the 
Animals themſelyes; you will eaſily gather from the following 
Experiment, 
EXPE 
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EXPERIMENT XLL 


'— O ſatisfie our ſelves in ſome meaſure, about the account 
FS upon which Reſpiration is fo neceſſary to the Animals, 
that Nature hath furniſhed with Lungs, we took '( being then 
unable to procure any other lively Bird, ſmall enough to be put 
into the Receiver) a Lark, one of whoſe Wings had been bro- 
ken by a ſhot, of a Man that we had fent to provide us ſome 
Birds for our Experiment; but notwithſtanding this hurt, the 
Lark was very lively, and did, being put into the Receiver, 
divers times ſpring up in it to a good height. The Vellel being 
haftily, but carefully closd, the Pump wasdiligently ply'd, and 
the Bird for a while appeard lively enough; but upon a greater 
exſuction of the Air, the began manifeſtly to droop and appear 
ſick, and very ſoon after was taken with as violent and irregular 
Conyulfions, as are wont tobe obſervdin Poultry, when their 
heads are wrung off : For the Bird threw her felt over and over 
two or three times, and dyed with her Breaſt upward, her 
Head downwards, and her Neck awry. And though upon 
the appearing of theſe Convulſions, we turn'd the Stop-cock, 
and let in the Air upon her, yet it came too late ; whereupon 
caſting our Eyes upon one of thoſe accurate Dyals that go with 
a Pendulum, and were of late ingemiouſly invented by the No- 
ble and Learned ZZugenius, we tound that the whole Tragedy 
had been concluded within ten Minutes of an hour, part of 
winch time had been imploy'd in cementing the Cover to the 
Receiver. Soon aſter we got a_Hen-ſparrow which being 
caught with Bird-lime was-not at all hurt ; when we put her 
into the Receiver, almoſt to the top of which ſhe would briskly: 
raiſe her ſelf, the Experiment being try'd with this Bird, as it was. 
with the former, ihe ſeemed to be dead within teven minntes, 
one. of which were imployed-in-cerhenting on the Cover: But 
upon the ſpeedy turning of the Key, the treſh Air flowing in, 
began ſlowly to revive her, fo that alter ſome pantings ſhe 
opened her eyes, and regain'd her teet, #nd in about a 4 of .an 
hour -alter, threatned:to make an eſcape at the top.of the Glaſs, 
| | which; 
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which had been unſtopped to let in the frefl Air upon her: 
But the Receiyer being cloſed the ſecond time, ſhe was killed 
with violent Convulſions, within five Minutes from the begin- 
ning of the Pumping. | ; 

A while after we put in a Mouſe, newly taken, in ſuch a Trap 
as had rather affrighted than hurt him ; whilſt he was leaping 
up very high in the Receiver, we faſten'd the Cover to it, ex- 
petting thatan Animal uſed to live in narrow holes with very 
little treſh Air, would endure the want of it better than the 
lately mentioned Birds: But though, for a while after the Pump 
was ſet a work, he continued-keaping up as before; yet, 'twas 
not long ere he began to appear ſick and giddy, and to ſtagger: 
after which he fell down as dead, but without ſuch violent Con-. 
vulſions as the Bird died with. Wherepon, haſtily turning the 


. Key, welet in ſome freſh Air upon him, by which he recovered, 


after a while, his ſenſes and his feet, but ſeemed to continue 
weak and ſick : But at length, growing able toskip as formerly, 
the Pump was plyed again for eight minutes, about the middle 
of which ſpace, if not before a very little Air by a miſchance 
gotin at the Stop-cock; and about two minutes after that, the 
Mouſe divers times leap'd uplively enough, though after about 
two minutes more he fell downquite dead, yet with Convulſions 
far milder than thoſe wherewith the two Birds expired. This 
alacrity ſo little before his death, and his not dying ſooner than 
at theend of the eighth minute, ſeemed aſcribable to the Air 
( how little ſoever) that ſlipt into the Receiver. For the firſt 
time, thoſe Convulſions (that, if they had not been ſuddenly re- 
medied, had immediately diſpatchd him) ſeiſed on him in ſix mi- 
nutes after the Pump began to be ſet awork. Theſe Experiments 
ſeemed the more ſtrange, in regard that during a great part 
of thoſe few minutes the Engine could but natbubly rarefic 
the Air (and that too, but by degrees) and at the end of them 
there remained in the Receiver no inconſiderable quantity ; as 
may appear by what we have formerly ſaid of onrnot being able 
to draw down Water in a Tube, within much leſs than a Foot 
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exſuction of the Air and interſperſed Vapours, there was left 
in the Receiver 4 ſpace ſome hundreds of times exceeding the 
bigneſs of the Animal, to receive the fuliginous Steams, trom 
which, expiration diſcharges the Lungs ; and, which in the 
other caſes hitherto known, may be ſuſpected, for want of room, 
to ſtifle thoſe Animals that are cloſely pend up in too nar: 
row Receptacles. 

I forgot to mention, that having causd thele three Creatures 
to be open, I could, in ſuch ſmall Bodies, diſcover little of 
what we ſought for, and what we might poiſibly have found 
in larger Animals ; for though the Lungs of the Birds appeard 
very red, and as-it were intlanrd,: yet that colour being uſual 
enough in the Lungs of ſuch winged Creatures, deſerves not ſo 
much our notice, as it doth, That in almoſt all the deſtruttive 
Experiments made in our Engine, the Animals appeard to 
die with violent Convulſive motions: From which, whe- 
ther Phyſicians can gather any thing towards the diſcovery 
of the Nature of- Convulſive Diſtempers, I leave to them to 


conlider. 


Having proceeded thus far, though (as we have partly 
intimated already ) there appeard not much cauſe to doubr, 
but that the death of the tore-mention'd Animals proceeded 
rather from- the want of Air, than that the Air was over- 
clogs'd by the ſteams of their Bodies, exquiſitely pen'd up 
in the Glaſs ; yetI, that love not to believe any thing upon 
Conjectures, when by a not over-dificult Experiment I can try 
whether it be true or no, thought 1t the ſateft way. to obviate 
Objections, and remove Scruples, by ſhutting up another Mouſe 
ascloſe as I could in the Receiver, wherein it lived about three 
quarters of an hour; and might probably have done ſo much lon- 
ger, had not a Virtuoſo of quality, who in the mean while 
chancd to make me a Viſit, defir'd to ſee whether or no 
the Mouſe could be killd by the exſuction of the ambient 
Aiz, whereupon we thought iit to open , for a little while, 
an intercourſe betwixt the Air in the Receiver, and that 
without it, that the Mouſe might thereby (it it were needfull 

f, for 
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for him) be refreſh'd, and yet we did this without uncemen- 
ting the Cover at the top, that it might not be obje&ed, that 
perhaps the Veſſel was more cloſely itoppd for the exſution 
of the Air than before. h 

The Experiment had this event, that after the Mouſe had 
livd ten Minutes, (which we aſfcrib'd to this that the Pumy, 
for want of having been lately Oyled, could move but ſlowly, 
and could not by him that manag'd it, be made to work as 
nimbly as it was wont) at the end of that time he dy'd with 
Convulſive Fits, wherein he made two or three bounds into 
the Air, before he fell down dead. 

Nor was I content with this, but for Your Lord{hips far. 
ther fatisfaftion, and -my own, I' cauſed a Mouſe, that was 
very hungry, to be fhut in all Night, with a Bed of Paper 
for him to reſt upon: And to be ſure that the Receiver was 
well closd, I causd ſome Air to be drawn out of it, where 
by, perceiving that there was no ſenſible leak, I preſently re. 
admitted the Air at the Stop-cock, leſt the want of it ſhould 
harm the little Animal; and then ij cauſed the Engine to be 
kept all Night by the Fire fide, to keep him from being de. 
firoyed by the immoderate cold of the Froſty Night. And 
this care ſucceeded ſo well, that the next Morning I found 
that the Mouſe not only was alive, but had deyourd a good 
part of the Cheeſe that had been put in with him. And ha 
ving thus kept him alive full twelve hours, or better, we did, 
by ſucking out part of the Air, bring him to droop, and to 
appear ſwelfd; andby letting in the Air again, we ſoon reducd 
him to his former livelineſs. | | 
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A Digreſfon containing ſome Doubts 
; tenching Reſpiration. 


ments I ſhould add my Reflexions on them, and attempt, 

- by their aſſiſtence, to reſolve the difficulties that occur a- 
bout Reſpiration; ſince at the beginning I acknowledgd a far- 
ther enquiry into the Nature of that, to have been my deſign 
in the related Tryals. But I have yet, becauſe of the inconve- 
nient ſeaſon of the Year, made ſo few Experiments, and have been 
ſo little farisfied by thoſe I have been able to make, that they 
have hitherto made Reſpiration appear to merather a more, than 
2 leſs Myſterious thing, than it did before. But yet, fince they 
have furniſhed me with ſome ſuch new Conſiderations, concer- 
ning the uſe of the Air, as confirms mein my Diffidence of the 
truthof what is commonly believ'd touching that matter; That 
I may not appear ſullen or lazy, I am<content not to decline 
employing a tew hours in ſetting down my Doubts, in preſent- 
ing Your Lordſhipſome Hints, and in conſidering whether the 
Tryals made'in our Engine, will at leaſt ailiſt us to diſcover 
wherein the Deficiency lies that needs to be ſupplyed. 

And this, My Lord, being all my preſent Deſign, I ſuppoſe 
You will notexpect that (as if You knew not, or had forgotten 
what Anatomilſts are wont to teach) I ſhould entertain You with 
a needleſs. Diſcourſe of the Organsof Reſpiration, and the vari- 
ety of their Structure in ſeveral Animals; though if it were ne- 
ceſfary, and had not been perform'd by others I ſhould think, 
with Galex, that by treating of the Fabricks of living Bodies, 
I might compoſe Hymns to the wiſe Author of Nature,. who, 
in the excellent contrivance of the Lungs, and other parts of 
(thoſe admirable Engines) Animals, maniteſts himſelf to. be 
indeed what the Eloquent Prophet moſt juſtly ſpeaks him, Wor- 
derfull in Councel, and excellent in — | 

2 


|| Fear Your Lordſhip will now expect, that to theſe Experi- 
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' Nor ſhall we any farther meddle with thoſe Controverſies fo 
much agitated among the Moderns, namely, Whether the motion 
of the Lungs in Reſpiration be their own, or but conſequent to the 
motion of the Thorax, Diaphragme, and (as ſome Learned Men 
would have it) the Abdomen ; And, Whence it is that the Air 
ſwells the Lungs in Inſpiration, any farther than they may re. 
ceive light from our Engine: But that it may appear what kind 
of ſervice it isthat may beexpected from it on this occaſion, we 
muſt premiſe a few Words to ſhew wherein the ſtrength of the 
Objection we are to anſwer, lies: In favour then of thoſe that 
would have the Lungs rather paſſive than aQtive in the buſineſs 
of Reſpiration, it may againſt the common opinion bealledg'd, 
Thatas the Lungs being deſtitute of Muſcles and of . Fibres, are 
unfit to dilate themſelves ; ſo it appears, that without the mo- 
tion of the Thorax they would not be fill'd with Air. Since as 
our Learned Friend Dr. Zizhmore hath well (and congruouſly, 
to what our ſelves have purpoſely tried) obſerved, if a live 
Dog have a great wound made in his Cheſt, the Lobes ot. the 
Lungs on that ſide of the Mediaſtinum will ſubſide and lie ſtill; 
the Thorax and the Lobes on the other ſide of the: Med7afti- 
num, continuing their former motion. And it ſuddenly at 
once the Muſcles of the Cheſt be- on both ſides diſſected, up- 
on the Ingreſs of the Air, the whole Lungs, though untouchd, 
will remain moveleſs, -at- leaſt, as to any expanſion or contra- 

ction of their ſubſtance. 

To which we may add the Obſervation of the diligent Bar. 
tholinus, who affirms the like of the Diaphragme allo, namely, 
That it being wounded, the Lungs will fall together, and. the 
Reſpiration ceaſe, which my Experiments oppoſe not, provt- - 
ded the Wound be any thing great. And indeed the Dzaphragme 
leems 'the principal Inſtrument of ordinary and gentle Reſpi- 
ration, although to reſtrained Reſpiration (1t I may fo call it) 
the intercoſtal Muſcles, and perhaps ſome others-may he allow- 
ed'eminently to concur. But the chief. of the Controverſies for- 
merly pointed at, is not yet decided,namely,what 7t i that conveys. 


the Air into the Lungs. For when, to countetballance all that. 
| hath 
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hath been alledg'd, thoſe that pleadfor the Lungsdemand what 
it is that ſhould bring the Air into! the Lungs, it_ themſelves do 
not attra& it,” their Antagoniſts diſagree.about the Reply. For 


* when to this queſtion ſome of: the beſt: Modern Philoſophers 


anſwer, That by the dilatation of the Cheſt the contiguous Air 
is thruſt away, and that preſſing upon: the next Air to it, and 
ſo onwards, the Propulſion it continued till the Air-be driven 
into the Lungs, and fo dilate them : When this {1 fay*) is'an- 
ſwered, it is ObjeCted even by Bartholine himſelf, as a: convin- 
cing Reply,: that, according to this Doctrine, a Man could not 
fetch his Breath from a great Veſſel full of Air, with a ſlender 
Neck, becauſe, that when his Mouth covers the Orifice of- the 
Neck, the dilatation of his 7horax could not propeli the Air in 
the Veſſel into: his Lungs, by reaſon of its being ſeparated by 
the incloling Vellel from the ambient Air ; and yet, ſay they, . 
Experience witneſleth, that.out of ſucha Veſſel a Man may ſuck. 
Air. But of- this difficulty our Engine furniſheth us withan ea= 
fie SoJution,' ſince many of : the former Experiments have mani- 
teſted, 'Thatin the'cafe propoſed, there needs not be made any 
(though 'tis true that in ordinary Reſpiration there is wont to 
be made ſome) propulſion of | the Air by the-ſwelling Thorax or ' 
Abdomen into the Lungs ; ſince upon'the bare Dilatation of the 
Thorax, the Spring of that internal Air, or halituous ſubſtance 
that 1s. wont to:/pofſeſs as much'of' the cavity of the Cheſt as 
the Lungs fill not up, ' being much weaken'd, the external and 
contiguous Air muſt neceſſarily preſs in at the open Wind pipe 
into. the Lungs, as: finding there leſs reſiſtance than any where 
elſe about it. 0.4 1 moG# Þ  Et4" 
- And hence (by the way): we may derive a new aſliftance to - 
Judge. of that famous Controverſie diſputed among Naturaliſts 
and Phyſicians, ever ſince Galex's time, ſome maintaining that 
the Cheſt, with the contained:Lungs,: may ' be: reſembled to a 
pair of Bellows, which comes theretore tobe fill'd becauſe it was 
dilated: ' And others pleading to have the compariſon made to a 
Bladder, which is therefore dilated becaule it is filld. For as to 
the 7 horax, it ſeems evident from what hath been lately aid, that 
| & 1 it. 
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it, like a pair'of Bellows, happens to be partly fall'd with Air, but 
becauſe it wasdilated : But.asforthe Lungs themſelves, who want 
Fibres to diſtend them, they. may fitly enqugh be compar toa 
Bladder 3 ſince they are dilated by being/fill'd, namely, by that 
Air which ruſheth into them upon thedilatation of the Cheſt, in 
whole increaſed cavity it finds (as we freſhly noted) leſs reſiſt. 
anceto its Spring than elſewhere. And this brings intomy mind 
that ſtrange Oblervation'of Nicolaus Fontanus, a Phylician at 
Amſterdam, who teſtrfieth, That ina Boy of the ſame Town, four 
years old, there was found, inſtead of Lungs, a certain Membra. 
nous Bladder ;. which being fill'd with Wind, and furnith'd with 
little Veins, had its origination from the Wind-Pipe it ſelf; which 
being ſupposd.true, how well it willagree with moſt of the Op: 
nions touching Reſpiration, -I leave to be conſider'd. 

And thus may the grand Obje&tionof Barzholzne, and others, 
be anſwered: But leave to Anatomiſts to conſider what is to be 
faid to ſome Obſervationsthat ſeem to contradict thoſe Anatomi. 
cal Experiments already mention'd : Such was particularly that 
which I remember I have read in- Sexxzertus- (from the obſer- 
vation of his Father-in-law Schato) of a Melancholy Student, 
who having ſtabb'd himſelf, and pierced the Dzaphragme in the 
thinner or tendonous part (calld by many the Nervous Circle) 
lived ſeven Motiths after 'he had wounded himſelf, though af 
ter his death ( preceded by violent - Vomitings) the Wound 
(perchance dilated by thoſe ftrainings) appeard ſo great, that 
the whole Stomach was found to have got in by it into the left 
{ide of the Thorax. And ſuch alſo was the accident that hap- 
pen'd to a Noble Man, whom I remember I have ſeen, and 
who 1s yet alive, in whoſe Cheſt there hath, for theſe many 
years, remain'd a hole ſo great, that the motion of his Heart 


amay be perceiv'd by it. Theſe (T fay ) and ſome other Ob- 


ſervations, I ſhall now forbear to. infift on, becauſe I hold it not 
unfit, before we come to conſider the ufe of Reſpiration, that 
we acquaint Your Lordſhip with an Ingenious ConjeCture, that 
was made at the cauſe of the haſty death of the Animals our 
Engine killd : namely, That it was not the want of Air that 

| deſtroyd 
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deſtroy'd them, but the Preſſure of the innate Air in the cavity - 
of the Cheſt; as if the ſpring of the Air being no longer coun= 
terballancd by the ambient Air, was thereby become ſo ſtrong; 
that it kept the Thorax forcibly diſtended, and hinder its wont- 
ed contraction; and ſocompreſs'd the Lungsand their Veſſels, as 
to obſtruct the circulation of the Blood. And this ConjeCture, as 
it is ſpecious enough, ſo I might have admitted it for true ;. but 
that1 conſiderd, that (not tomention that one, eſpecially of the 
Animals kild in our Engine, ſeemed manifeſtly: for a pretty 
while, and not long before he dy'd,to move his 7herax, as if he 
exercisd Reſpiration) the diligent Wa{zw relates, that he divers: 
times obſerved, in the diſſection of live Bodies, that the Mem- 
brane that inveſts the Lungs, had Pores in it as big as the larger 
ſort of Peas, which agreeth with the Obſervations of Chyrur- 
gions and' Phyſicians, viz. That Matter colle&ed in the Thorax, 
hath penetrated into the Lungs, and been diſcharged by cough- 
ing. And I remember too, that moſt of the Animals we kilfd: 
in our:Engine were Birds, of whoſe Lungs Harvey ſomewhere 
informs us, That he obſerv'd them very manifeſtly to open at 
their extremities into the Abdomen: And by ſuch perforitions. 
we may well ſuppoſe the paſlage free betwixt the external Air, 
and that in the Abdomen: But this ConjeFture may be farther 
conſider'd. Beſides, to ſhow that the Animals that died in our 
Glaſſes, need not be ſuppoſed to have been killd by the want 
of Air, we foreſee another Argument that we muit deal ſo in-- 
geniouſly with Your Lordſhip, as not to conceal. You very 
well know, that beſides the generality of the Schools, there are- 
many new Philoſophers who, though they diſſent from the old. 
Peripateticks in other things, do, as they, deny the poſlibi- 
lity of a Yacaum; and hold, that thoſe ſpaces which are devoid: 
of Air, and other groſler Bodies, are all of them exactly re- 
pleniſhed with a certain Etherial Matter, fo thin and ſubtle, 
that ir can freely permeate the Pores of the compactedſt and 
cloſeſt ' Bodies,” and ev'n of Glaſs it ſelf. Now ſome of thoſe 
Naturaliſts that are of this perſwaſion may obje&t, That the- 
Animals that died in our Receiver, did ſo, not fo much for w_ 
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(176) 
of Air, as by reaſon that the Air that was pump'd out was ne- 
ceſlarily ſucceeded by an Etherial ſubſtance ; which conſiſting of 
parts vehemently agitated, and ſo very ſmall, as without reſiſt. 
ance to paſs in.and out. through the very. Pores-of Glaſs ; it 
may well be ſuppoſed, that a conſiderable quantity of this reft- 
leſs and ſubtle Matter, meeting together-in the Receiver, with 
the exceſſive heat of it, may be quickly avle to deſtroy a little 
Animal, ; or at leaſt, make the Air too intemperately hot tq 
be fit for Reſpiration. | 0 02. Oils "wo 

" But though this be a Difficulty not ſo ealily tobe reſolved 
without the aſſiſtance of ourEngine, yet I ſuppole we have al: 
ready anſwer'd the Objection by our 38® and 39® Experiments; 
which, though we madepartly for other purpoſes, yet. we pre: 
misd them only to clear up the difficulty-propoſed. ; wm” 

Another ſuſpicion we ſhould have entertain'd concerning the 
death of our Animals, namely, That ppon the ſudden remoyal 
of the wonted preſſure of the ambient Air, the warm blood of 
thoſe Animals was brought to an Efferveſcence or Ebullition, 
or at leaſt ſo vehemently expanded, as to diſturb.the circulation 
of the Blood, and ſodiforder the whole Oeconomy of the Body, 

(This (I fay) I ſhould have had ſome ſuſpicion of) but that Ant 
mals of. a hot Conſtitution arenot the ſole ones that cannot in our 
exhauſted Engine exerciſe the FunCftion of Lite. But I muſt not 
now dwell upon matters of this nature, becauſe I think it high 
time to proceed to the conſideration of the principal ſubject of 
our Engine, namely, the uſeof Reſpiration; orrather, The uſeof 
the Air in Reſpiration. For whereas of the divers uſes of it men- 
tioned by Anatomiſts the moſt, ſuch as the Production and 
Modulation of the Voice by the Eliſion of the Air,the Larynx, cc. 
the expulſion of Excrements by Coughing, the conveying in 
of Odours by Inſpiration, and ſome others, rather convenient 
for the well beingof an Animal, than abſolutely neceſlary to-his 
Life : Whereas (I ſay ) the other uſes are ſuch as we have faid, 
The great Z7ppocrates himſelf gives this notable Teſtimony to 
the uſe of the Air, as to Animals endow'd with Lungs: Mortali- 

tas (faith; he) hzc (ſpiritus) tum vita, tum morborum @grotis cauſa 


eſt. 
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eft. Tantique _—_— omnibus ſpiritis ineſt neceſſttas, ut ft- 
quidem aliis omnibus & cibis & petionibus, quis abſtineat, duos 
tamen aut tres, vel plares dies poſſit vitam ducere : At ff quis 
ſpiritus in corpus vias intercipiat, vel exigua diet parte, homini 
pereundum fit ; Adeo neceſſarius eſt uſus ſpiriths in corpore. . Ad 
hec quoque, quum omnibus aliis ationibus homines quieſcant, quod 
mutationibus innumeris vita fit expoſita, ab hac tamen ſola attione 
nunquam defiſtant animantia, quin aut ſpiritum adducant, aus 
reddant. 

But touching the account upon which the Inſpiration and Ex« 
ſpiration of Air (both which are comprehended in er22101, Re: 
ſpiration) is ſo neceſſary to Lite, both Naturaliſts and Phyſici- 
ans do fo diſagree, that it will be very difficult either to reconcile 
their Opinions, or determine their Controverſies. 

- For firſt, Many there are who think the chief (if not ſole) uſe 
of Reſpiration to be the cooling and tempering of that Heat in 
the Heart and Blood, which otherwiſe would be immoderate: 
And this: Opinion, not only ſeems to be molt received 
amongſt Scholaſtick Writers, but diversof thenew Philoſophers, 
Carteſians, and others, admitted with fome variation; teach- 
ing, That the Air is neceſſary, by its coldneſs, to condenſe the 
Blood that paſſeth out of the right Ventricle of the Heart into 
| the Lungs, that thereby it may contain ſuch a conſiſtence, as 

| 15 requiſite to make it fit Fewel for the vital fire or flame, in 
' the left Veniricle of the Heart. And this Opinion ſeems fa- 
vourd by this, That Fiſhes; and other cold Creatures, whoſe 
Hearts have but one cavity, are alſo unprovided of Lungs, and 
by ſome other conſiderations. But though it need not be deny'd, 
that the inſpir'd Air may ſometimes be ot uſe by reirigerating the 
Heart ; yet (againſt the Opinion that makes this Retrigeration, 
the moſt genuine and conſtant uſe of the Air) it may be Ob- 
jected, That divers cold Creatures (ſome of which, as particu- 
larly Frogs, live in the Water) have yet need of Reſpiration, 
which feems not likely to be needed for. Refrigeration by them 
that are deſtitute of any ſenſible heat, and beſides, live in the 
cold Water : That even decrepid old Men, whoſe natural Heat is 
| Aa made 


(178) 


made very languid, and almoſt extinguifl'd by reaſon of Ape, 
have yet a neceſſity of frequent Reſpiration : That a temperate 
Air is fitteſt for the generality of breathing Creatures; and as 
an Air too hot, ſo alſo an Air too cold, may be inconvenient 
for them (eſpecially, if they be troubled with an immoderate 
degree of the fame quality which is predominant in the Air:) 
That in ſome Diſeaſes the natural heat is ſo weaken'd, that in 
caſethe uſe of Reſpiratic were to cool, it would be more hurt. 
fullthan beneficial to Breath; and the ſuſpending of the Reſyi. 
ration, may ſupply the place of- thoſe very hot Medicines that 
are wont to be employ'd in ſuch Diſtempers: That Nature 
might much better have given the Heart but a moderate heat, 
than ſuch an exceſſive one, as needs to be perpetually cool'd, to 
keep it from growing deſtructive; which the gentle, and not 
the burning heat of an Animal's Heart, . ſeems not intenſe e | 
. nough ſo indiſpenſably to require. Theſe, and other Obje&ti. 
ons, might be oppos'd, and preſsd againſt the recited Opinion: 
But we ſhall not inſiſt on them, but only add to them, 'That it 
appears not by our foregoing Experiments (I mean the 38" 
and 39*) that in our exhauſted Receiver, where yet Animal 
die ſo ſuddenly for want of Reſpiration, the ambient Body is 
ſenſibly hotter than the common Air. 

- Other Learned Men there are, who will have the very ſubſtance 
of the Air to get in by the Veſſels of the Lungs, to the lett Ver | 
tricle of the Heart, not only to temper its heat, but to provide 
for the generation of Spirits. And theſe alledge for themſelves 
the authority of the Ancients , among - whom Z#7:ppocrates 
ſeems manifeſtly to favour their Opinion; and both Ari/ork 
and Galen do ſometimes (for methinks they ſpeak doubttully e- 
nough) appear inclineable to it. But for ought ever I could fee 
in DiſſeQtions, it is very difficult to make out, how the Airis Þ 
convey d intothe left Ventricle of the Heart, eſpecially the Sy. 

flole and Dziaſtole of the Heart and Lungs being very tar from 
| being Synchronical: Beſides, that the Spirits ſeeming to be but 
the moſt ſubtle and un&tuous Particles of the Blood, appear to 


be of a very differing Nature from that of the lean and incom- 
| buſtible 
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buſtible Corpuſcles of Air. Other ObjeCtions againſt this Opr- 
nion have been propoſed, and preſs'd by that excellent Anato- 
miſt, and my Induſtrious Friend, Dr. Z7zghmore, - to whom I 
ſhall therefore refer you. 

' Another Opinion thereis touching Reſpiration, which makes 
the genuine uſe of it to be Ventilation not of the Heart, but 
of the Blood, in its paſſage'through the Lungs; in which paſ: 
fage , -it is dif- burthened of thoſe Excrementitious Steams 
proceeding, for the moſt part, from the ſuperfluous Seroſities, 
of the Blood, (we may add) and of the Chyle too, which (by 
thoſe new Conduits of late very happily dete&ed by the Fa- 
mous Pecquet) hath been newly mixd with it in the Heart.) 

And this Opinion .isthat of the Induſtrious Mz#:us, and is faid 
to have been that of that excellent Philoſopher Gafſendas ; and 
hath been in part an Opinion almoſt vulgar : But this Zyporhe- 

fis may be explicated two ways : For firſt, The neceſſity of 
the Air-in Reſpiration, may be ſuppos'd to proceed from hence; 

That as a Flame cannot long burn in a narrow and cloſe place, 
becanſe the -Fuliginous Steams it-unceſſantly throws out, can- 
not be long receiv'd into the ambient Body ; which, after a 
while, growing too full of them to admit any more, ſtifles the 
flame: So that the vital Fire in the Heart requires an ambient 
Body, of 'a yielding nature, to receive into it the ſuperfluous 
Serofities, and other Recrements of the Blood, whoſe ſeaſon- 
able Expulſion is requifite to depurate the Maſs of Blood, and 
make it fit both to circulate, and to maintain the vital heat re- 
ſiding in the Heart. The other way of explicating the above- 
mentioned ZZypothefrs, is, by ſuppoſing, that the Air doth not 
only, as a Receptacle, admit into its Pores the Excrementiti- 
ous yapours of the Blood, when they are expell'd through the 
Wind-pipe, but doth alſo convey them out of the Lungs, inre- 
gard that the inſpired Air, reaching to all the ends of the 4/pe- 
ra Ateria,; doth there aſſociate it ſelf with the exhalations of 
the circulating Blood, and when 'tis exploded, carries them | 
away with it ſelf: as we ſee that Winds ſpeedily dry up the 
ſurfaces of wet Bodies, not to fay any thing of what we for- 
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| (180) | 
merly obſerved touchingour Liquor, whoſe fumes were ftrangely 
elevated upon the ingreſs of the Air. | 
Now of theſe two ways of Explicating the uſe of Reſpir 
tion, our Engine affords us this ObjeCtion againſt the firſt; That 
upon the exſuCtion of the Air, the Animals die a great deal 
ſooner than if it were left in the Veſſel ; though by that ex 
ſu&tion the ambient ſpace is left much more free to receive the 
Steams that are either breathed out of the Lungs of the Anj- 
mal, or diſcharg'd by inſenſible Tranſpiration through the Pores 
of his Skin. EL - 
But if the Zypozhefis proposd, be taken in the other ſenſe, 
it ſeems congruous enough to that grand obſervation, which 
partly the Phenomena of our Engine, and partly the relations 


_ of Travellers, have ſuggeſted to us: namely, That there is a Z 


certain conſiſtence of Air requiſite to Reſpiration ; ſo that if it 
be too thick, and already over-charged with Vapours, it - wil 
be unfit to unite with, and carry oft. thoſe of the Blood, as Wa 
ter will diſſolve, and-aſſociate to it ſelf but a certain proportion | 
of ſaline Corpuſcles ; and if it be too thin or rarefied,; the num: | 
ber or ſize of the Aerial Particles 1s too ſmall to be able toaf 
fume and carry off the halituous Excrements of the Blood, in | 
ſuch plenty as is requiſite. | | —_ 

Now that Air too. much thicken'd (and as it: were cloggd) 
with Steams, is unfit for Reſpiration, may appear by what is 
wont to happen inthe Lead-Mines of Devoxſhzre, (and for ought 
I know, in thoſe too of other Countries, though I have ſeen 
Mines where no ſuch thing was complain'd of ) for I have been | 
informed by more than one credible Perſon. (and particularly by 


an Ingenious Man, that hath often, for curiolity,,.digg'd in | 
thoſe Mines, and been imploy'd about them) that there often | 


riſeth Damps, as retaining the Germane Word by which we 
call them ) which doth ſo thicken the Air, that unleſs the 
Work-men ſpeedily make ſigns to them that are above, they | 


would ( which alſo ſometimes happens) be preſently Rifled 7 | 
for want of Breath, and though their Companions do make | 
haſte to draw them up, yet frequently, by that time they 

| come 
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come to the free Air, they are, as it werein a ſwoon, and are a 
good while before they come to themſelves again. . And that 
this ſwooning ſeems not to proceed from any Arſenical or Poy- 
ſonous Exhalation: contain'd in the Damp,. as from' its over- 
much condenſing. the Air, ſeems probable from hence ; That 
the ſame Damps oftentimes leiſurely extinguiſh the flames of 
their Candles. or Lamps; and from hence alſo that it appears 
(by many Relations of .Authentical Authors) that in thoſe Cel- 
lars where great ſtore of new Wine is ſet to work, Men have been 
ſuffocated by the too great plenty of the Steams exhaling from 
the Muſt, and too much thickning the Air: As may begather- 
ed from the cuſtom that is now uſed in ſome hot Countries, 
where thoſe that have occaſion to go into ſuch Cellars, carry 
with:them a quantity of well kindled Coals, which they. hold 
near their Faces; whereby it comes to paſs, that the Fire diſ- 
cuſling the Fumes, and rarefying the Air, reduceth the ambient 
Body to a conſiſtence fit for Reſpiration. 
.. We will add (by way of Confirmation) the following. Ex: 
periment : In ſuch a ſmall Receiver, as thoſe wherein we kilFd 
divers Birds, we carefully closd up one, who, though for a 
quarter of an hour he ſeem'd not much prejudiced by the cloſe- 
neſs of his Priſon, afterwards begga firſt to pant very vehement- 
ly, and keep his Bill very open, and then to appear very lick; 
and laſt of all, after ſome. long and violent trainings, to caſt 
up ſome little matter out of his Stomach : which hedid ſeveral 
times, tillgrowing ſo ſick, that he ſtaggerd and gaſp'd; as being 
juſt ready to die. We perceiv'd, that within-about three quarters 
of an hour from thetimethat he was put in, he had ſo thickened 
and tainted the Air with the Steams of his Body, that it was 
become altogether unfit for the uſe of Reſpiration: Which. he 
will not much wonder at, who hath taken notice in Sauttorius 
his Statica Medicina, how much. that part of our Aliments , 
which goeth off by inſenſible Tranfpiration, exceeds in weight 
all the viſible and groſfſer Excrements both ſolid and liquid. 
| That (on the other ſide) an Airtoo much dilated is nor ſer- 
viceable tor the ends of Reſpiration, the haſty death of the 
AS3--: Animal 
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(182) 
Animal we killd in our exhauſted Receiver, ſeems ſufficiently 
to manifeſt. - And it may not irrationally be doubted, whether 
or no, if a Man-were raisd to theverytop of the Atmoſphere 
he would be able to live many minutes, 'and would not quickly 
dye for want of ſuch' Air as we are wont to-breath here below. 
And that this Conje&ure may not appear- extravagant, I ſhall 
on this occaſion ſubjoyn- a memorable Relation that I have met 
with-in the Learned Foſephus Acoſta; who tells us,” That when 
he himſelf paſt the high Mountains of» Pers,-(which: they call 
Pariatdra)) to which, he ſays, That the4/ps themſelves feemid 
to them but as ordinary Houſes, in regard of high Towers, he 
and his Companions were ſurpriſed with ſuch extreme Pangs 
of Straining and Vomiting, (not without cafting up Blood foo) 
and with ſo violent a Diſtemper, that he concludes he ſhould un. 
doubtedly havedied, but that this lafted not above three or four 
hours, before they came into a more convenient and natural 
temperature of Air: To which our Learned Author addsanIn- 
ference, which being the principal thing T deſignd in mention- | 
ing,- the Narrative I ſhall ſet down in his own words: 7 there- 
fore ( ſays he) perſwade my ſelf, That the Element of the Air 
i there ſo ſubtle and delicate, as it is not proportionable with the 
breathing of Man, which reqfﬀes a more yroſs and temperate 
Air ; and I'believe it is the cauſe that doth ſo much alter the Ste 
mach,' and trouble all the Diſpofition. Thus far' our Author, 
whoſe Words I mention, that we may gheſs by what happens 
ſomewhat near the Confines of the Atmoſphere (though pro- 
bably far from the ſurface of it) what would happen beyond 
the Atmoſphere. That; which ſome of thoſe that treat of the 
height 'of Mountains, relate out 'of Ariſtotle, namely, That 


theſe that afcend to the top of the Mountain Olympas, could not 


keep themſelves alive, , without carrying with them wet Spun- 
ges, by whoſe aſſiſtance they could refpire in that Air, otherwiſe 
to0 thin for Refpiratton : (That Relation (I ſay) concerning 
this Mountain) would much confirm what hath been newly 
recited out of Acoſta; if we had ſufficient reaſon to believeit : 
But I confeſs, I am very diftident of the truth of it; partly Ty 
cauſe 


P bd 
(.18g) 
cauſe when TI paſsd the A/ps, IT took notice of no notable change 
betwixt the conſiſtence oft the Air at the top and the bottom of 
the Mountain; partly becauſe in a punQtual Relation made by an 
Engliſh Gentleman, of his aſcenſion to the top of the Pike of 
Tenariff (which is by great odds higher than Olympus) I find 
no mention of any ſuch difficulty of breathing; and partly alſo 
becauſe the ſame Author tells us out of Ariſtotle, That upon 
the top of. Olympus there is no motion of the Air, inſomuch, 
that Letters tracted upon the duſt, have been, after many years, 
found legible and not diſcompos'd ; whereas that Inquiſitive 
Busbequius ( who was Embaſſadour from the German _ 

to the Zarkiſh Emperour) in one of his — Epi- Pte 3: 
ſtles, tells us, upon his own knowledge, 7hat Olympus may 
be ſeen. from Conſtantinople, blanchd with perpetual Snow; - 
which ſeems to argue, That the top of that, as well as of di- 
vers other tall Halls, is not abovethat Region of the Air where- 
in Meteors are formed. Though otherwiſe, in that memora- 
ble Narrative which David Frelichias, made Frelichius apud Va- 
of hisaſcent to the top of the prodigiouſly high ren. Geogra. Gener. 
Hungarian Mountain Carpathus : He tells us, 5:6 
That when, having paſsd through very thick Clouds, he came to 


1 the wery top of the Hill, he found the Air ſo calm and ſubtle, 


that not a hair of his head mov'd, whereas in the lower Stages 
of the Mountain he felt a vehement Wind. But this might well 
be caſual, as was his, having a clear Air where he was, though 
there were Clouds, not only beneath him, but above him. 
But ( though what hath been hitherto diſcours'd, incline us 
to look upon the Ventilation and Depuration of the Blood, as 
one of the principal and conſtant uſes of Reſpiration; yet) me- ' 
thinks it may be ſuſpe&ed that the Air doth ſomething more 
than barely help to carry off what is thrown out of the Blood 
in its paſſage through the Lungs, from the right Ventricle of 
the Heart tothe Jeft. For we fee, in Phlegmatick Conſti- 
tutions and Diſeaſes, that the Blood will circulate tolerably © 
well, notwithſtanding its being exceſſively ſerous: And in - 
Aſthmatical Perſons, we often ſe, that though the Lungs 
VICE” | be 
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be very much ſtuffd with tough Phlegm, yet the Patient may 
live ſome Months, if not ſome Years. So that it ſeems ſcarce 
probable, that either the want of throwing/out the ſupefluons 
Serum of the Blood for a few moments, or thedetaining it, dy- 
ring ſo ſhort a while, in the Lungs, ſhould be able to kull a per- 
fettly ſound and lively Animal: I fay, for a few moments, be 
cauſe, that having divers times try'd the Experiment of killing 
Birds in 2a ſmall Receiver, we commonly tound, that within 
half a minuteof an hour; or thereabout, the Bird would be ſur- 
prisd by mortal Convulſions, and within about a minute more 
would be ſtark dead, beyond the recovery of the Air, though 
never ſo haſtily let in. Which ſort of Experiments ſeem {6 
ſtrange, that we were obliged to make it ſeveral times, which 
gaind it the advantage of. having Perſons of differing Qualities, 
Profeſſions and Sexes, (as not only Ladies and Lords, but Doc. 
tors and Mathematicians) to witneſs it. And to fatisfie Your 
Lordſhip, that it was not the narrowneſsof the Veſſel, but the 
ſudden exſuftion of the Air that diſpatched theſe Creatures fo 
ſoon ; we will add, That we once inclos'd one of theſe Birdsin 
| one of theſe ſmall Receivers; where, for a while, he was fo 
little ſenſible of his Imprifonment, that he eat very chearfully 
certain ſeeds that we conveyed in with him, and not only lived 
ten minutes, but had probably lived much longer, had not a 
greatPerſon, that was SpeCtator of ſome of theſe Experiments, | 
reſcu'd him from the proſecution of the Trial. Another Bird be- 
ing within about half a minute, caſt-into violent Convulf- 
ons, and reduced into a ſprawling condition, upon the exſuction 
of the Air, by the pity of ſome fair Lady's related to Your 
Lordſhip) who made me haſtily let in ſome Air at the Stop-cock, 
the gaſping Animal was preſently recovered, and in a condition 
to enjoy the benefit of the Lady's compaſſion. And another 
time alſo, being reſolved not to be interrupted in our Expert 
ment, we did, atnight, ſhut upa Bird in one of- our ſmall Re- 
ceivers, and obſerv'd that for a good while he ſo little felt theal- 
teration of the Air, that he fell aſleep with his Head under his 
Wing; and though he afterwardsawak'd fick, yet he continud 
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upon his legs between forty minutes and three quarters of an 
hour; after which , ſeeming ready to expire; we took him 
out, and ſoon found: him able to make uſe of the liberty we 
gave him for a compenſation of his ſufferings. = ; 
If to the foregoing [nſtances of the ſudden deſtruEtion of Ani- 
mals, by the removal of the ambient Air, we ſhould now annex 
ſome, that we think fitter to reſerve till anon; perhaps Your 
Lordſhip would ſuſpe&, with me, that there is ſome uſe of the 
Air which we do not yet fo well underſtand, that makes 1t fo 
continually needfull to the Life of Animals, - Paracelſus indeed 
rells us, That as the Stomach concotts Meat, and makes part of it 
uſefull to the Body, rejefting the other part, ſo the Lungs conſume 
part of the Air, and proſcribe the reſt. * So that according to 
our Hermetick Philoſopher (as his followers would have him 
ſtikd) it ſeems we may ſuppoſe that there is in the Air a little 
vital Quinteſſence (if I may ſo call it) which ſerves to the re- 
freſhment and reftauration of our vital Spirits, for which uſe 
| the groſlſer and incomparably greater part of the Air being un- 
ſerviceable, it need not ſeem ſtrange that an Animal ſtands in 
need of almoſt inceſſantly drawing in freſh Air. But though 
this Opinion is not (as ſome of the ſame Author) abſur'd, yer 
beſides that, it ſhould not be barely aſſerted, but explicated and 
provd ; and beſides that, ſome ObjeXions may be fram'd 
againſt it, out of what hath been already argu'd againſt the 
Tranſmutation of Air into vital Spirits: Beſides theſe things, it 
ſeems not probable, that the bare want of the Generation of 
the wonted quantity of vital Spirits, for leſs than one minute, 
ſhouid within that time be ablero kill a lively Animal, without 
the help of any external violence at all, | 
But yer, on occaſion of this Opinion of Parace/ſus, perhaps it 
will not be impertinent, if before I proceed, I acquaint Your 
Lordſhip witha Conceit of that deſervedly Famous Mechanician 
and Chymiſt, Cornelius Drebell, who among other ſtrange things 
; that he pertormd, isaffirmed (by more than a few credible Per. 
ſons) to-have contrived for the late Learned King Fames, a Vellel 
to go under Water; of which, trial was made in the Thames, 
| | B b | with 


| (186 ) 
with admired ſucceſs, the Veſſel carrying twelveRowers, beſides 
Paſſengers; one of whichis yet alive, and. related it to an ex 
cellent Mathematician that inform'd mie of it.' Now that for 
which I mention this Story, is, That having had the curfoſity 
and opportunity to make particular enquiries among the Rela- 
tions of Drebe/, and eſpecially of an Ingenious Phyfician'thit 
married his Daughter, concerning the grounds upon which he 
conceiyed it fealible to make men unaccuſtomed to continue 
long under Water without ſuffocation, or (as the lately men. 
' tion'd Perſon that went in the Veflel affirms) without inconye. 
nience. I was anſwer that Drebe// conceiv'd, that *tis not the 
whole body of the Air, but a certain Quintefſence (as Chy: 
miſts ſpeak) or ſpirituous part of it, that makes it fit for-Re. 
ſpiration, which being ſpent, the remaining groffer body, or 
carcaſe (if I may fo call it) of the Air, is unable to cheriſh 
the vital flame reliding in the Heart : So that (for ought I could 
gather) beſides the Mechanical contrivance of his Vellel he had 
a Chymical liquor, which heaccounted the chief Secret of his 
ſubmarine Navigation. For when from time to time he percei. 
ved, that the finer and purer partof the Air was conſumed, or 
over-clogg'd by the Reſpiration, and ſteams of thofe that went 
in his Ship, he would, by unſtopping a Veſſel full of this Liquor, 
ſpeedily reſtore to the troubled Air ſuch a proportion of Vital 
parts, as would make it again for a good while fit for Reſpir 
tion, whether by diſſipating, or precipitating the groſſer Exha. 
lations, or þy ſome other intelligible way, 1 muſt not now ſtay 
to examine, contenting my felt to add, that having had theop- 
portunity to doe ſome ſervice to thoſe of his Relations, that were 
moſt Intimate with him, and having made it my buſineſs to 
karn what this ſtrange Liquor might be, they conſtantly af: 
firm'd that Drehbe// would never diſcloſe the Liquor unto any, 
nor ſo much as tell the matter whereot he had made it, to above 
one Perfon, who himſelf aſſured me what it was. 

This account of Drebe/!'s performance, I mention, not that [ 
any farther aſſent to his opinion than 1 have already intimated, 
but kecauſe the Man, and the Invention being extraordinary, I 
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ſuppoſe Yoyr Lordſhip will not be diſpleas'd to knoiy the ut- 
molt I could learnabout it; eſpecially not having found it men- 
tioned by any Writer. Wherefore I have been ſometimes in- 
clin'd to favourable thoughts of their opinion, who would have 
the Air neceſſary to ventilate, and cheriſh the vital flame, which 
they do ſuppoſe to be continually burning in the Heart. For 
we ſee, that in our Engine the flame of a Lamp will lait al- 
moſt as little after the exſ{u<tion of the Air, as the life of an 
Animal : Nay, I remember, that though I devisd a more pro- 
miſing way, to make a fire laſt in our exhauſted Receiver, yet 
it would not ſucceed : We took a hard body made in the form 
of a Clove, but twice as long, and proportionably thick, this 
body being made of ſuch a Compoſition, that if it be kindld 
at the upper end, it will moſt certainly burn away to the very 
bottom, much better than a Match; we convey it divers 
times kindl'd at theupperend, into one of our ſmall Receivers, 
but ſtill found, that though preſently upon the exſuCtion of the 
Air, it would leave ſmoking, and ſeem quite gone out, and 
again begin.to ſmoke as ſoon as the Air was let in upon it ; yet 
it-the Air were kept out but four or five minutes, the fire would 
betotally, and irrevocably extinguiſhd. To which we will add, 
that though we convey'd into a great Receiver, a ſmall lamp 
with rectifid ſpirit of Wine, that being ſo pure as not to ſmut 
the Cotten week, or ſo much as a piece of. white Paper held 
over it; yet we could not by divers trials make the flame laſt 2 
couple: of minutes after the Air was begun to be drawn out, 
But though our Engine thus ſhews us a new kind of reſemblance 
betwixt Fire and Life: Yet the opinion we have laſt mentioned 
is not free from Difficulties. For, though in the hearts of ma- 
ny Animals, Blood be a warm liquor, and in fome even a hot 
one; yet it is not eaſie to conceive either how the Air (in ſub- 
ſtance) can get thither, or how, in caſe it could, it were able 
to increaſe the heat. Since, however, the. Air may encreaſe 
the heat of a Coal by blowing oft the aſhes, and making the 
active Corpuſcles pierce farther into the kindled body, and ſhat- 


ter it the more, yet we ſee hot Liquors have theirheat allayed, 
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and not augmented, by having Air blown on them. Ang 
whereas ſome Eminent Naturaliits think it not inconvenient, to 
make the heat reſiding in the Heart to be a true flame, provided 
they add, that tis ſucha temperate, and almoſt inſenſible fire, 
as the flame of ſpirit of Wine, which will long burn upon fine 
white Linnen or Paper without conſuming either : Give me leave 
to wiſh that they had been more curious to make differing tri. 
als with that liquor. For-{( as we obſerve in another Treatiſe) 
the reaſon why a Linnen cloth, dipped in common Spirit of 
Wine, is not burnt by the flame of it, is, becauſe the Phlegm 
of the Liquor defends the Cloth: And the Flame of Spirit of 
Wine is fo far from being too weak to burn a piece of Paper, 
or of Linnen, that I have usd it in Lamps to diſtill Liquors 
out of tall Cucurbites, and found that the Spirit burned away 
indeed much faſter than Sallet Oyl, but gave at leaſt as great 
' a heat : Nay, I have, for curioſity ſake, melted crude Gold, 
and that readily enough, with the bare Flame of pure Spirit 
of Wine. 

But not to preſs this any farther, we will, on this occaſion, 
venture to ſubjoyn an odd Obſervation, which may perhaps in. 
viteto a farther Enquiry into the Opinion we have tor Diſcourk 
ſake opposd. Our Engliſh Democritus, Dr. Harvey, propoſeth 
this difficult and noble Problem to Anatomiſts, Why a fetus, 
even out of the Womb, if involud in the ſecundines, may live 
a good while without Reſpiration ; but in caſe after having once 
began to breath, its Reſpiration be ſtoppd, it will preſently die. 
We are far from pretending to ſolve ſo hard a Problem, but 
this we tryd in relationto it; Wetook a' Bitch that was faid to 
be almoſt ready to whelp,and having cauſed her to be hang, we 
preſently open'd her 44domen, and found four Puppeys in her 
Womb; one of theſe we took- out, and having freed him 
from the Teguments that involved him, and from the Liquor 
he ſwam in, we obſerved that he quickly opened: his Mouth 
very wide, moved his Tongue, and exerciſed Reſpiration ; 
then we opened both his 44domern and his Cheſt, and cut aſlun- 
der the Diaphragme, notwithſtanding which, he ſeemed often 
| | to 
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to endeavour Reſpiring, and mov'd in a notable manner, both 
the Intercoſtal Muſcles, part of the Diaphragme, the Mouthand 
the Tongue: But that which we mention this Puppy-tor, was 
this, That being deſirous to'try whether the-other young ones 
that had not yet breath'd at all, would long ſurvive this orno; 
we took them alſo out of the Womb, and having open'd them 
found none of them ſo much alive, as to have any perceptible 
motion in his heart, whereas the heart-of that Puppy which 


| . had once enjoy'd the benefit-of' Reſpiration, continued beating 


ſo long, that we our ſelves obſerv'd the Auricle to beat, after 
five or ſix hours; and a Servant that ſtaid.up and watch it 
after we were gone to Bed, affirmd, That he faw the Pulſa- 
tion continue about two hours longer. I ſhall leave it to others 
to make Reflexions upon this Obſervation, compar'd with 

Dr. Zarvey's Problem. | | 
It is much doubted, whether Fiſhes breath under Water, and - 
we ſhall not take upon us, as yet, to determine the Queſtion 
cither way, becauſe we have not yet been able to procure lit- 
tle Fiſhes alive to make Experiments upon : That'fuch as are 
not Setaceous ( for ſuch maniteſtly breath) have not Reſpira- 
tion, properly ſo called, ſuch as is exerciſed by four footed 
Beaſts, and Birds, may be argud from their having no cavity 
in their Hearts, and from their want of Lungs, whence they 
are obſerved to be Mute ;' unleſs we ſay, what is not. altoge- 
ther abſurd, That their Gills ſeem ſomewhat Analogous (as to 
their uſe) to Lungs. But that on the other ſide, Air is necel- 
fary to the Lives even of Fiſhes, and that therefore 'tis proba- 
ble they have ſome obſcure kind of Reſpiration, ſeems 'mani- 
teſt by two or three Obſervations and Experiments, mentioned . 
by divers Authors, who tell us, That Fiſhes ſoon die in Ponds 
and Glaſſes quite fill'd with Water ; if the one be ſo frozen over, 
and the other [0 cloſely foppd that the Fiſhes cannot enjoy the 
benefit of the Air, if we atow them to be true. But becauſe theſe 
Relations are not wont to be deliverd by Writers upon their own - 
Knowledge ; as I ſhall nct reje&t them, ſo I dare not build upon 
them, till I have opportunity to examine them by -experience, 
| Bb 3 In. 
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Iathemean tine, we will add, That our Engine hath taughty 
1wohings that may illuſtrate the matter in hand : The c 
[That there is wont: to:lurk.in Water, many.little parcels of ig. 
cerſpersd Air, whereaf. it ſeems not; impoſlible that Filhes may 
make ſome-uſe, either by ſeparating it, when they {train the 

Water thorow their Gills, or .by ſome other way : The other, 

what may be colle&ed from the following Experiment. 
 - We took a:large Eel, (being able to, procure.no other Fi 
alive) and removing it out of: the veſſel of Water, wherein it 
was brought us, into our great Receiver, we causd the Air tg 
be pump'd out ; and obſerv'd, That the Eel, after ſome motion 
to and tro in the Glaſs, feem'd:ſomewhat diſcomposd ; and that 
when we had :proſecuted the exſuQtion of the Air ſomewhat 
obſtinately, ſhe turn'd up her belly, as dying Fiſhes are wontto 
do, and from thence-forward lay altogether moveleſs, juſt asif 
the were ftarkdead; and though I did not think her fo, yet the 
continuing inthat poſture, even after the Cover ofthe Recei 
yer was taken off (whereby the Air was let in) I ſhould. have 
been .:of the; ,opinion of the By-ſtanders, if the Diffidence | 
am wont: tq exerciſe tn trying Experiments (eſpecially ſuch 
are not uſual) had not invited me to take the Fiſh out of the 
Receiver, upon which the thew'd her ſelf, by her vivid motions, 
as;much alive as before. 

_ Butthacis moſt ſtrange which we obſery'd of. a great, gray, 
Houſe-Snail ( as-they call it) which being closdup in one of our 
ſmall Receivers, did not only not fall down from the ſide of the 
Glaſs, upon-the drawing outof the Air. (Forthat may beaſcribd 
to the - tenacity of the Liquor, wherewith Snails uſe! to ſtick 
themſelves, evento the ſmootheſt Badies) but was not ſo much 
as .depriv'd 'of progreſſive motion by the receſs of the Air: 
Though, except this Snail, we never put any hving Creatwe 
into our Receiver, whom. it .did not. kill,. or.at leaſt reduce to, 
ſeem ready to die. . But as we ſhall not here-examine what inter: 
eſt the glutinous, and uncaſtly diſſipable; nature of the Juices 
of Snails, may have.on this event; ſs whether this eſcape of 
our Eel be aſcribd to the particular ang vivacious nature of rn 
n WW. ort 


fort of Fiſhes; or to this, That the Air is ti6t indeed hecefhary 
to the life of Fiſhes; or finally r6 this; That though theſe Ani-- 
nals need ſome” Air; yer* they gfed 16 little, that that which 
conld not be drawn out of ' the Reterver/ Might -(at eaſt for ia 
while) ſufficethem, we wHl not'Haw/ dererfnine: 

- Not are-we at efureto exatnine that Paradox of /Zrppocrates, 
which fome Learned Phyficians have of late revivd, -namely, 
That the Fttus refpires in the Womb :' For on the one fide it: 
ſeems very difficult to conceive; How Air '{honld traverſe the 
Body of the Mother, and the' Tegtritents' of the Child : And 
ſince Nature hath, in new-born Babes, cofitriv'd peculiar and 
Temporary Veifels, that the Blood may circulate thorow other 
Paſſages, than it is wont to doe-mm the fame Individuals when' 
they cometo have the free uſe of their Lungs, it feems unlike- 


| Ty, that Infants in the Womb do properly reſpire: ButtHen ſince 


our Experiments have manifeſted, 'Fhat almoſt all kind of 'Li- 
quors do, as well as Water, abound with interſpers'd Corpuſcles 
of Air, it ſeems not altogether abſurd to fay, That 'when the 
Fetus is grown big, he may (efpecialtly the upper' part of the 
involving 4s, being deſtitute of Liquor, and filld only with 
an halituous ſubſtance) exerciſe ſome obſcure Reſpiration; eſpe- 
cially, ſince tis not (as many wiſe Men think it) a Fable, That 
Children have been heard to cry in the Mothers Womb : For 
though it happens exceeding'rarely, yet ſometimes it hath: been 
obſeryd. And I know a: young Lady, whofe Friends, when 
ſhe was ſome years fince with Child, complain'd to me, that 
ſhe was ſeveral times much frighted with the Cries of her In- 
fant, which, tilt I difabugd her, ſhe and her Friends look'd up- 
on as Portentous: And ſuch Obſervations are the more credi- 
ble, becauſe not only Houſwives, but more judicious Perfons;. 
mention it as no very unfrequent thing to hear the: Chick pip 
and cry in the Egg, before the Shell be broken. But thisT men- 
tion but as a probable, not a cogent Argument, 'till T can' dif 
cover whether an Elifion of an halituous Subſtance, though no- 


true Air, may not at the top of the Larynx produce a' Sound,. 


Gince I find. that the Blade of a Knife, -held in ſeveral poſtures = 
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the ftream'of Vapors (or rarefied Water): that idſues. out of an 
ZZolipile, will afford various,and very audible Sounds. ; 

I had thoughts of conveying, into our Receiver young ones, 
ripped our of. the Womb-of their Dams, with, their involving 
Coats intire, but could not procure them- . And I have alſo had 
thoughts of trying whether it be not praCticable, to make x 
Receiver, though not of Glaſs, yet with little Glaſs windows, 
ſo paged, that one may freely look into it, capacious enough tg 
hold a Man, who may: obſerve. ſeveral things, both touching 
Reſpiration ;» and divers other matters; and who, m caſe: of 
fainting, may, ' by giving a ſign of his weakneſs, be immed;. 
ately. relievd, by having Air let in upon him. And it ſeems 
not impoſſible, but that by accuſtomance, ſome Men may bring 
themſelves to ſupport the want of. Air a pretty while, ſince we 
ſee that divers will live, ſo much longer than other Men, under 
Water : that thoſe that dive for Pearls in the Weſt Indzes are faid 
to be able to ſtay a whole hour under Water. And Cardantells us 
of one Colanus a Diver in Sicily, who wasable to continue (it Car: 
day neither miſtake nor impoſe upon us) three or four times as 
long. Not to mind Your Lordſhip, that You have Your elf 
oftentimes ſeen in Exgland, a corpulent Man, who 1s wont to 
deſcend to the bottom of the Thames, and bring out of deep 
noles at the bottom of the Banks, large Fiſhes alive in his hands, 
And Acoſta tells us, he ſaw in Pers the like manner of fiſhing, 
but more difficult, praCtiſed by the /ndians. 

I made mention of ſome Men, and of Accuſtomance: becauſe 
there are but very few, who, though they uſe themſelves to it 
by degrees, are fit to ſupport, for many minutes, the want of 
Air. Infomuch that an ingenious Man of my acquaintance, 
who .is very famous for the uſefull skill of drawing Goods, 
and even Ordnance, out of ſunk Ships, beingasked by me how 
long he was able to continue at the depthof 5o or 60 foot un- 
der. Water, | without, the uſe of Reſpiration, confeſſed to me, 
that: he cannot continue above two minutes of an hour, with- 
out reſorting to the Air, which he carrtes down with-him in a 


certain Engine ( whereof .I can ſhow Your Lord{hip a deſcrip- 


tion.) 
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tion.) Another thing I alſo karnd of him by enquiry, that 
was not deſpicable : For asking him, whether he tound any 
uſe of chawing little Sponges, dipt in Oyl, in his mouth, 
when he was perfectly under Water, and at a diſtance from his 
Engine; he told me, that by the help of theſe Sponges he could 
much longer ſupport the want of his wonted Reſpiration, than 
he was able to doe without them. The true cauſe of which, 
would perhaps, if diſcovered, teach us ſome thing pertinentto 
the Problem touching the Reſpiration of Fiſhes. | 

But the neceſſity ot Air to the moſt part of Animals unarcu- 
ſtomed to the want of it, may beſt be judg'd of, by the following 
Experiments, which wetry'd in our Engine, to diſcover, whe- 
ther Inſects themſelves have not, either Reſpiration, or ſome 
other uſe of the Air equivalent thereunto. 

We took then an humble Bee, one of thoſe common flyes that 
are call d Fleſh-flies, and one of thoſe hairy Worms that reſemble 
Caterpillars, and are wont to be call'd Palmer-worms : Theſe 
three we convey into one of our ſmall Receivers, and obſerv'd, 
to the great wonder of the Beholders, that not only the Bee, 
and the Fly fell down, and lay with their Bellies upwards; but 
the Worm it ſelf ſeem'd to be ſuddenly ſtruck dead : All of 
them being reduc'd to lie without motion, or any other diſ- 
cernable ſign of lite, within ſomewhat leſs (it we miſtakenot) 
than one minute of an hour : And this, notwithſtanding the 
ſmallneſs of the Animals in proportion to the capacity of the 
Veſſels : Which circumſtance we the rather mention, becauſe 
we found that the Veſſel was not free from leaks. And to fatiſ: 
fie the Spectators, that*twas the abſence of the Air that causd 
this great and ſudden change: We. had no ſooner re-admitted 
the Air at the Stop-cock, than all the three Inſects began to 
ſhew f1gns of lite, and by little and little to recover. But when 
we-had again drawn out the Air, their motions preſently cea- 
ſed, and they tell down ſeemingly dead as before, continuing 
moveleſs, as long as, by continuing to pump, the veſſel was kept 
exhauſted. This invited us thanktully to retle& upon the wiſe 
goodneſs of rhe Creator, who by giving the Air a ſpring, hath 
C c made 
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made it ſo very difficult, as Men find it, to exclude a thing (6 
neceſſary to Animals : Andit gave us alſo occaſion to ſuſpect, 
that if Inſe&s have no Lungs, nor any part analogous thereun. 
to, theambient Air affe&ts them, and relieves them at the Pores 
of their skin, it not being irrational to extend to theſe Crea- 
tures that of Z7ippocrates; who faith, That a living Body is 
throvghout perſpirable ; or to uſe his expreſſion, ciavvsy 5 c 
mvsy, diſposd toadmit and part with what is Spirituous: Which 
may be ſomewhat illuſtrated by what we have elſewhere noted, 
That the moiſter parts of the Air readily inſinuate themſelye, 
into, and recede from the pores of the Beards of wild Oats, and 
thoſe of divers other wild Plants; which almoſt continually 
wreath and unwreath themſelves according to, even, the light 
variations of the temperature of the ambient Air. 

This Circumſtance of our Experiment weparticularly took no. 
rice of, that whenat any time, upon the ingreſs of the Air, the Bee 
began to recover, the fir{t ſign of Life ſhe gave, was a vehemen- 
panting, whichappeard near the Tail: Which we therefore men- 
tion, becauſe we have obſervd thelike in Bees drown'd in Water, 
when they firſt come to be revivd by a convenient heat: As if 
the Air were in the one caſe as proper to ſet the Spirits, and Ali- 
mental Juice moving, as heat is in the other; and this may, 
perchance, deſerve a farther conſideration. 

We may add, That we ſcarce ever ſaw any thing that ſeem 
ſo much as this Experiment, to manifeſt, Thateven living Cres 
tures (Man always excepted) are a kind of curious Engines, 
fram'd and contriv'd by nature (or rather the Author of it) much 
more skiltu!ly than our groſs Tools and imperte& Wits can reach 
to. For 1n our preſent Inſtance we ſee Animals, vivid and per: 
tetly ſound, deprivd immediately of motion, and any diſcern 
able ſigns of lite, and reducd to a condition that differs from 
death, but inthat'it 15 not abſolutely irrecoverable. This (I fay) 
we ſee perform'd without any, ſo much as the leaſt external vio- 
lence offer'd to the' Engine; unleſs it be ſuch as is offered to a 
Wind-Mill, when the Wind ceaſing to blow on the Sails, all the 
{cveral parts remain moveleſs and ulelk(s, till a new Breath put 

them into motion again, And 


(195) 
And this was farther very notable in this Experiment; That 
whereas *tis known that Bees and Flies will not only walk, but 
flie for a great while, after their heads are off; and ſometimes 
one half of the Body will, for divers hours, walk upand down, 
when it is ſever'd from the other: Yet, upon the exſuction of 
the Air, not only the progreſſive motion of the whole Body, 
but the very motions of the Limbs do forthwith ceaſe; asif the 
preſence of the Air were more neceſſary to theſe Animals, than 
the preſence of their own Heads. | 

But it ſeems, that in theſe Inſects, that fluid Body (whether 
it be a Juice or Flame) wherein Life chiefly reſides, is nothing 
near fo eaſily diſſipable, as in perte&t Animals. For whereas 
we have above-recited, That the Birds we conveyed into eur 
ſmall Receiver were within two minutes brought to be paſt re- 
covery, we were unable (though by trying him that pump'd ) 
to kill our Inſes by the exſuttion of the Air: For though, as 
long as the —_ was kept moving, they continued immoya- 
ble; yet when he deſiſted from pumping, the Air that preſs'd 
in at the unperceiv'd Leaks (did though ſlowly) reſtore them to 
the free exerciſe of functions of Life. 

But, My Lord, I grow troubleſome, and therefore ſhall paſs 
on to other Experiments : Yet without deſpairing of your par- 
don for having, entertain'd you fo long about the uſe of Reſpi- 
ration, becauſe it is a ſubject of that difficulty to be explain'd, 
and yet of that importance to humane Life, that I ſhall not 
regret the trouble my Experiments have coſt me, if they be 
found in any degree ſerviceable to the purpoſes to which they 
were deſign'd. And though i deſpair not but that hereafter our 
Engine may furniſh us with divers Phenomena uſefull to illu- 
ſtrate the DoGrine of Reſpiration ; yet having not, as yet, had 
the opportunity to make the other trials, of various kinds, that 
T judge requiſite for my Information : I muſt confeſs to Your 
Lordſhip, that in what TI have hitherto faid, IT pretend not fo 
much to eſtabliſh, or over-throw this or that Hypotheſis, as to 
lay together divers of the Particulars that occurrd to me, in or- 
der to a future inquiry. 'I fay, divers of the Particulars, be- 
CC 2 cauſe 
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cauſe I could add many others, but that I want time, and fear 
that T jhall need Your Lordfhip's pardon, for having been fo pro: 
lix in writing; and that of Phyſicians ( which perhaps I ſhall 
more eaſily obtain) tor having invaded Anatomy, a Diſcipline 
which they challenge to themſelves, and indeed have been the 
almoſt ſole Improvers of. Without denying then that the inſpirq 
and exſpird Air may be ſometimes very uſetull,by condenſing ang 
cooling the Blood that paſſeth through the Lungs; I hold that 
the depuration of the Blood in that paſſage, is not only one of 
the ordinary, but one of” the principal uſes.of Reſpiration. But 
I am apt alſo to ſuſpe&, that the Airdoth ſomething elſe jn Re. 
ſpiration, which hath not yet been ſufficiently explain'd ; and 
therefore, till T have examin'd the matter more deliberately, ] 
ſhall not ſcruple to anſwer the Queſtions that may be asked me, 
touching the genuine uſe of Reſpiration, in theexcellent Words 
employ'd by the acute St. Auſtin, to one that ask'd him hard 
Queſtions : Mallem quidem (ſays he) corum que a me quaſi. 
ſti, habere ſciextiam quam ignorantiam : ſed quia id nondun 
potui, magis eligo cautam ignorantiam confiteri, quam falſam ſci- 
entiam profitert, 


EXPERIMENT XLIL 
FAms ( partly upon the conſideration of ſome of the tore: 


going Experiments, and partly upon grounds not now to 
be inſiſted on) entertain'd a ſuſpicion, that the action of Cor- 
roſive Liquors in the diflolving of Bodies, may be conſiderably 
varied by the gravitation or preſſure of the incumbent Air, and 
the removal of it; I thought fit to examine my Conjecture by 
the tollowing Experiment. | 
I took whole pieces of red Coral, and caſt theminto as much 
ſpirit of Vineger, as ſufficed to ſwim above an Inch over 
them: Theſe ſubſtances I made choice of, that the Ebullition 
upon the Solution might not be too great, and that the opera- 
tion might laſt the longer. & rh = 
Having then put about half a ſcore ſprigs of Coral, together 
with the Menſtrirm, into a ſomewhat long neck'd Viol, wy 
they 
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they ſeem'd ſcarce to fill a third part, we convey d that Viol into 
one of our ſmall Preumatical Glaſſes, containing by gleſs aLout 
a Quart ot Water; andhaving taftned on the Cover, aiter the ac- 
cuſtom'd manner, we ſuffered the Liquor to remain unmov a 
while, to obſerve whether the Mex/{ruwm would work upon 
the Coral otherwiſe than betore. But finding there did only 
ariſe, as formerly, a pretty number of ſmall Bubbles, that made 
there no ſenſible troth upon the ſurface ot tlie diftilld Vineger, 
there were made two or three exſuctions of the Air; upon which, 
there emerg'd from the Coral ſuch a multitude of Bubbles, as 
made the whole Body of the Menſtruum appear white ; and foon 
aſter a Froth, as big as all the reſt oi the Liquor, was ſeen to 
\wim upon it: And the Menſtrawm plainly appear to boil in 
the Glaſs, like a feething Pot. And though, it we deſiſted but 
one minute from pumping, the decrement of the Froth and 
Ebullition, upon the getting in of a little Air, at ſome leak cr 
other, ſeem'd to argue, that the removal of the preſſure of the 
external Air was the cauſe, or, at leaſt, the occaſion of this Et- 
ferveſcence : Yet to evince this the more clearly, we turnd the 
Key, and let in the external Air at the Stop-cock ; immediately 
upon whoſe entrance the Froth vanithd, and fo many of the 
Bubbles within the body of the Liquor diſappear'd, that it loſt 
its whiteneſs, and grew tranſparent again : The Men/truum allo 
working as languidly upon the Coral, as it did betore they were 
put into the Receiver : But when we had again drawn out the 
Air, firſt the whiteneſs re-appear'd, then the Ebullition was re- 
newd, which, (the pumping being a while longer and nimbly 
purſued,) grew ſo great, that tor 3 or 4 times one alter another, 
when ever the Air was let out of the Receiver into the emptied 
Cylinder, the frothy liquor overtlow'd the Glaſs, and ran down 
by the ſides of it: And yet, upon the readmitting of the ex- 
cluded Air, the boiling Liquor grew immediately as calm and 
as tranſparent as at firſt: As it indeed the operation of it, up- 
on the Coral, had been facilitated by the ex{uction of the in- 
cumbent Air, which on its receſs, leit it more caſie tor the more 


active parts of the liquor toſhew themſelves ſuch, than it was 
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whilſt the wonted preſſure of the Air continued unremoved. [t 
may indeed be ſuſpe&ed, that thoſe vaſt and numerous Bubbles 
proceeded, not from the aCtion of the Menſ?ruum upon the Co. 
ral, but from the ſuddain emerſion of thoſe many little parcels 
of Air that (as we formerly obſerv'd) are wont to be diſperg 
in Liquors, without excluding Spirit of Vineger; but having 
had this ſuſpicion before we try'd the Experiment, we convey 
our diſtilfd Vineger aloneinto the Receiver, and kept it a while 
there, to free it trom its Bubbles (which were but very ſmall) 
before ever we put the Coral into it. It may be ſuſpected like 
wiſe, that the agitationof the Liquor, neceſſary following up. 
on the ſhaking of the Glaſs, by pumping, might occaſion the 
recited Ebullition; but upon trial made, there appeard not any 
notable change in the Liquor, or its operation, though the con- 
taining Veſſel were ſhaken, provided no Air were ſuck'd out of 
it. The former Experiment was another time try'd in another 
ſmall Receiver, with Coral groſly powdred, and the ſucceſs 
was very much alike, ſcarce differing in any thing, but that 
the Coral being reduc'd to fmaller parts, upon the ebullition of 
the Liquor, ſo many little lumps of Coral would be carried and 
Boy'd up by the emerging Bubbles, as ſometimes to darken the 
Viol, though the ſame Coraline Corpuſcles would be let fall 
again upon the letting in of the Air. h 

Some thing alſo wetry'd in our great Receiver, concerning the 
ſolution of Metals in Aqua fortis, and other Corrofive Liquors; 
but partly the ſtink, and _ ſomeaccidents, kept us from ob- 
{erving any thing peculiar and remarkable about thoſe Solutions, 

One thing we muſt not omit, that when the Spirit of Vineger 
was boiling upon the Coral, we took off the Cover of the Recet 
ver, and took out the Viol, but could not find, that notwithſtan- 
ding fo very late an Ebullition, the Liquor had any heat great 
cnough to be at all ſenſible to our hands. 


EXPERIMENT XLII.. 


VG will now ſubjoyn an Experiment, which, if the for- 
mer did not leſſen, the wonder of it would probably ap- 
pear 
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pear very ſtrange to Your Lordſhip, as it did to'the firſt Spec- 
tators of It. 

The Experiment was this: We causd Water to be boild a 
pretty while, that by the heat ic might be frced trom the latitant 
Air, ſo offenalready taken notice of in common Water: Then al- 
moit filling withit a Glaſs Viol, capable of containing near tour 
Ounces of that Liquor ; we convey dit, whilſt the Water was 
yet hot, into one of our ſmall Receivers (big enough to hold 
about a pound of Water) and having luted on the Cover, we 
causd the Airto be drawn out : Upon the two firſt exſuctions, 
there ſcarce appear'd any change in the Liquor, nor was there 
any notable alteration made by the third ; but at the fourth, 
and afterwards, the Water appear to boil in the Viol, as if it 
had ſtood over a very quick Fire; for the Bubbles were much 
greater than are uſually tound upon the Ebullition of very much 
more Water than was contain'd in our Viol. And this Efer- 
veſcence was ſo great in the upper part of the Water, that the 
Liquor boyling over the top of the Neck, a pretty deal of it 
ran down into the Receiver, and ſometimes continued (though 
more languidly) boyling there. Proſecuting this Experiment, 
we obſerv'd, that ſometimes, after the firſt Ebullition, we were 
reduc'd to make divers exſuctions of the Air, before the Liquor 
would be brought to boil again. But at other times, as often 
as the Key was turn'd to let the Air paſs from the Receiver into 
the Pump, the Efferveſcence would begin afreſh, though the 
Pump were ply'd for a pretty while together ; which ſeenr'd to 
argue, that the boyling of the Water proceeded trom hence, That 
upon the withdrawing the preſſure of the incumbent Air, either 
the fiery Corpulcles, or rather the Vapors agitated by the heat - 
in the Water (which laſt, what we have formerly nored touch: 
ing the rarefied Water of an -Z0/ipi/e, maniteſt to be capable of 
an Elaſtical Power) - were permitted to expand themſelves 
mightily in theevacuated Receiver ; and cid, in their tumultuous 
Dihkatation, litt up,(asthe Air.is wont todo) the uppermoſt part of 
the Water, and turning it into Bubbles, made the Water appear 
boiling. Thisconjecture was farther confirm'd by thele additional 

C:rcum- 


| 200 ) 
Circumſtances: Firſt, The Efferveſcence was confin'd to the up: 
per part of the Water, the lower remaining quiet, unleſs the 
Liquor were but ſhallow. Next, although iometimes (as is al. 
ready noted ). the Ebullition vegan again, after it had ceasd a 
pretty while, which ſeem'd to inter, That fome concurrent cauſe 
(whatever that were) did a little modifie the operation of heat ; 
vet, when the Water in the Viol could by nopumping be brought 
to boil any more, the ſelt-ſame Water, being in the very ſame 
Viol warm'd again, and reconvey'd into the Pneumatical Glaſs, 
was quickly brought to boil atreſh, and that vehemently and 
long enough; not to mention, that a new parcel, taken out of 
the ſame parcel of the boiled Water with the former, and put 
in cold, could by no pumping be brought to the leaſt ſhew of 
Efferveſcence. Beſides, having try'd the Experiment in hot 
Sallet Oyl, beivg a much more tenacious Liquor, and requi- 
ring a ſtronger heat to make it boi], could not be broughtto an 
Efferveſcence in our Receiver; whereas the Chymical Oyl of 
Turpentine, being thinner and more volatile, was preſently 
made to boil up, till it reachd four or five times the former 
height in the Viol, in whoſe bottom it lay, and continued boil- 
ing till it was almoſt reducd to be but Iuke-warm. Wine alſo 
being a more thin and ſpirituous Liquor than Water, being 
convey d in hot, inſtead of the Oyl, did, as I remember, at the 
very firſt exſuction begin to boil ſovehemently, that, in a ſhort 
time that the Pump was kept moving, four parts of five, by 
our gheſs, boifd over out of the Viol, though it had a pretty 
long Neck. On which occaſion we will add, that even the 
Water it ſelf, near one half, would ſometimes boil over into the 
Receiver before it became luke-warm. And it was alſo remar- 
kable, that once, when the Air had been drawn out, the Li- 
quor did, upon a ſingle Exfuction, boil ſo long with prodigious . 
ly vaſt Bubbles, that the Efferveſcence laſted almoſt as long as 
was-requiſite for the rehearſing of a Pater Noſter. Now the 
Experiment having, been try'd more than once, and found to 
ſucceed as to the main, ſeems much ts countenance the Conjec- 
ture we made at the beginning of this Letter, where we told 
; Your 
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Your Lordſhip, That perhaps the preſſure of the Air mighthavean 
intereſt in more Phznomenathan Men have hitherto thought. For 
25 we had not then made this Experiment, ſonow we have made 
it, it ſeems to teach, That the Air, by its ſtronger or weaker pret' 
ſure, may very much Modefie (asthe School-men ſpeak) divers 
of the Operations of that vehementand tumultuous Agitation of 
the ſmall parts of Bodies, wherein the nature of heat ſeems 
chiefly, if not ſolely, to conſiſt. Infomuch that if a heated Bo- 
dy were convey d above the Atmoſphere, 'tis probable that the 
heat may have a diftering operation, as to the power of dilli- 
pating the parts of it, from what it hath here below. 

To conclude, This Experiment might have been farther pro- 
ſecuted, but our want of leiſure makes us content our ſelves to 
add at preſent; That perhaps it would not be loſt labour if this 
were try d, not only with other Liquors, but with variety of 
heated, and eſpecially ſoft or melted Bodies: But in ſuchcaſes the 
Receiver ought to be ſhap'd, as is moſt proper to preſerve the Ce- 
ment wherewith the Cover mult be faſtned on, from being melt- 
ed by the heat of the included Matter; the inconvenience to be 
hereby avoided, having befallen us in the uſe of a Receiver too 
ſhallow, though otherwiſe capacious enough. 


; The CONCLUSION. 


Eing come thus far, My dear Lord, not without thoughts of 

proceeding farther: Theunwelcome Importunity of my oc- 
caſions becomes 1o prevalent, that it quite hinders, for the preſent, 
my.deſignd Progreſs; and:reduceth me, not only to reſerve for 
another. opportunity: that-kind of Experiments, which; at ſome 
diſtance fromthe beginning of thisÞetter, I call'd (as Your Lord- 
ſhip may remember”) Experiments of the ſecond ſort ; but to 
leave uneſſay'd ſome/at. the firſt ſort, which T might try in the 
Engine, as 1t now is, were it not that my Avocationsare grown ſo 
urgent, for my remove from the phacewhere the Engine was ſet 
up, that I am put to write Your Lordſhip this Excuſe ; Weary, 
and in an Inn which I take in my way to my Deareſt Brother 
Corke : Who being at length arriv'd in England, after I have for 
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divers years been deprived of his Company, and witfh'd for it as 
long; what ever my other Occaſions may be, my firſt Buſineſ 
muſt be to wait on Him and Yourexcellent Mother; in whoſe 
gratefull Company I may hope to forget a while thoſe publick 
Calamities that diſtreſs this too unhappy Nation, Sincethat is in- 
dear'd to me, both by their perſonal Merit; by the near Relation 
which Nature gives me to Him, Affinity to Her, and Friendſhip 
to both; and alſo by their many Favours, eſpecially that of my 
owing them My Lord of Dungarvas. But I ſuffer my ſelf to be 
tranſported too far with theſe delightfull thoughts; To return 
therefore to our Engine. Though I find this Letter is beyond my 
expeCtation ſwelld, not only into a Book, but almoſt into a Vo. 
lume; yet the Experiments already mentioned in it, are ſo far 
from compriſing all thoſe that may be try'd by the help of our 
Engine, that I have not yet been able to try all thoſe, which, pre 
ſently occurring to my thoughts, upon my firſt ſeeing the work: 
ing of it, I causdtobe fet down in a Catalogue within leſs than 
half an hour. But I doubt I have but too muchcauſeto appre 
hend that the Afﬀairs, and other things I complain of, have made 
it needfull for me to Apologize, as well for the things I have 
down, as for thoſe I am neceſſitated to omit. For as partial as 
Men uſeto be to the Children of their own Brains, as well asto 
thoſe of their Loins, I muſt not deny that the foregoing Trials 
are not altogether free from ſuch unaccurateneſles, nor the recital 
of them from ſuch Imperte&ions, as I my ſelf can now diſcern, 
and could, perhaps, partly mend, if Thad the leiſure to repeat the 
Experiments, with the Circumftances that have ſince - offerd 
themſelves to my Thought as things that' might;have been 
worth Obſervation or Enquity. But'the truth is, that I-wasre- 
duc'd tomake thefe Experiments, when my *Thoughtshad things Þ 
that more concern'd me to imploy them, and the ſame avocations | 
made me ſet them down, for the moft part; as ſoon asF had made F 
them, and in the ſame order, and that fo faſt, that F had not over- 
frequently the opportunity to mind any more than the bare | 
Truth of what I fet down ; without allowing it any. of thoſe ad- F 
vantages that Method, Stile, and decent Embelliſhments, are Þ 
wont | 
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wont to confer on the Compoſures they are imploy'd to adorn. 
But, My Lord, though to inviteand encourage Youand Your 
learned Friends at Paris, tomakea farther uſe of this Engine, than 
I haveyet beenable to doe, Iam thus free to acknowledge the Im- 
perfections of the foregoing Letter : Yet, if ſome Intelligent 
Perſons miſtake not, by what hath been done, ſuch as it is, there 
is a way open'd, whereby Sagacious Wits will beaſſiſted to make 
ſuch farther Diſcoveriesin ſome pointsof Natural Phyloſophy, as 
are yet ſcarce dream'd of. And I am the moredefirous to engage 
Youto that Imployment, becauſe I am apt to think, that it the 
making and writing of ſuch Experiments ſhall coſt You as much: 
trouble as they have me, You will be inclin'd to excuſe me; and 
if the Diſcoveries give You as much pleaſure as they gave me, 
You will (perhaps) be invited to thank me. However, I think 
(My Lord ) Imay juſtly pretend, that the things I have fet down 
have been faithfully Recorded, though not elaborately Written ; | 
and, I ſuppoſe, my former Papers may have long ſince fatisfied 
You, that though many deviſe Experiments better than YourSer- 
vant, none perhaps hath related them more carefully and more 
truly: And particularly of Theſe; ſometimes one, ſometimes ano- 
ther, hath been performed in the preſence of Perſons, divers of 
them eminent for their Writings, and all for their Learning. 
Wherefore, having in the foregoing Narratives made it my buſi- 
neſs toenoble them withthe chief Requiſites of Hiſtorical Com- 
poſures, Candor, and Truth, I cannot deſpair that You will either 
excule their Imperfe&tions, or, at leaſt, forgive them: Eſpecially, 
conſidering that this unpoliſh'd Letter is as well a Production of 
Your Lordſhip's Commands and my Obedience, as a Teſtimony 
of my deſire to makeothers beholden to My Lord of Dungarvaz, 
by the fame way which I indeavour to expreſs my Self 
Becongfield, this 2oth 
of December, 1659. 
His Lordſhip's 


Moſt obedient Servant, and 
Moſt afteftionate Uncle, 


ROBERT BOTLE. 
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The Publiſher 


| TO THE 
R EADE Rk. 
; Friendly Reader, | 


0U may poſſibly in this Volume have expecled 

the Appendix which the Author heretofore pro- 
miſed, and has intended ſhall contain ſome additional 
Experiments to thoſe which were formerly publiſh'd, and 
are here now reprinted in this Second Edition. Theſe 
following Anſwers to Franciſcus Linus and Mr. Hobbs 
| are preſented in compenſation of the delay, and for your 
| forbearance of that Appendix, which ere long you may 
| expe inkind. For the Author having hinted the Pro- 
miſe ſeems thereby to acknowledge the Debt, and to be 
content to continue the Obligation to ſee- it performed, 
And theſe ought the rather to be his excuſe, becauſe the 
writing theſe Anſwers, and publiſhing the Sceptical 
Chymiſt, and ſome other Diſcourſes, have been the 
principal hindrances to'that Piece; which is really fo 
near a readineſs, that part of it has lain at the Preſs 
theſe ſix, Mnths + But yet it being not all perfefed, the 
Stationer was loth to delay any longer the Publication 


of - 


The Publiſher to the Reader. 


ef theſe, for which he hds been ſo frequently call d upon, 
And they (though a Latine Edition is intended) appear 
now the rather in Engliſh, that they may accompany the 
Second Edition of the Original Experiments, which were 
printed firſt in that Language in Octavo ; and that in- 
ſtead of the promiſed Appendix they may complete the 
bulk of the Quarto Volume. 

As for that part of this Piece that concerns Mr. Hobbs, 
it might have been larger : but the information that the 
Author had that the Learned Dr. Wallis was writing a- 
gainſt ſome paſſages in Mr. Hobbs his Dialogues .{ a; 
well that concerning the Air as the reſt) was the occa- 
fron why his H. would make no Animadverſion on ſome 
paſſages therein, and thought it not fit to enlarge upon 
others. And for the Errata of the Preſs I hope they will 
not be many : However the Author as to theſe is to be 

excuſed, who never (in regard to his Eyes and Impedi- 
ments 01: other occaſions). gives himſelf the trouble of 
Corrections and Reviſes ; neither could the Publiſher 
much attend the Preſs,it being printed in a diſtant place 
from his uſual Abode. If, as I with, you ſhall find this jea- 
lonſie of mine to have been cauſleſs, you will have reaſon 
to give the Piece that is ſo.kindly offered, and leads you 
ſuch rare and untrodden paths in the beſt way of Natural 
Philoſophy, the fairer entertainment and. acceptance, 
FarewshE. nh hh BOY IRVODSY © Ah 
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PREFACE 


AND-- | 
DECLARATION. 


| i þ HEY that know how indiſpos'd I naturally am to 
a Contentiouſneſs, will, I preſume, wonder to ſce me 
; publickly engaged in two Controverfies at once. But 

as © thatlI am ſtill as averſe as ever from entering into Diſputes that 
{ may handſomly be declind, the way wherein I have managed 


oy 


" | the following Controverfies will, I hope, evince. And the 
KK InducementsI now have to appear in publick are ſuch, that it 
mn K wouldbe hard for me to reſiſtthe being prevail'd on by them. 

108 | For, inthe firſt place, I was (by Name, as it were) challeng- 
l, ed by a perſon, who undertook to diſprove not one or two 
, © of my Conjeures, but as much of the whole Body of my 
” KF Treatiſe as concern'd the Spring of the Air, which moſt of my 


of # Explications ſuppoſe. And this being done by a Learned Man, 
-#r © who writes very confidently of the goodneis of his Hypotheſss 
| and Arguments,and his Book being ſoon afterfollow'd by another 
| written by Mr. Hobbs, a man of Name in the World; there 
/- | feemidtobeſome danger that fo early an Oppoſition:might op- 
KF preſstheDodrineT hadpropos'd, before it was well underſtood 
{ and duly ponderd. Wherefore I fear'd I might be wanting 
;Þ| *2 the Truth and my ſelf, if I ſhould at ſuch a time be altogether 
l filent; eſpecially 'fince I might probably divert many who 
f, | would otherwiſe be forward to appear againſt us, by lett1 
? them ſee how defenſible our Doftrine is even againſt tuch Ad- 
verſaries as thoſe I have reply'd to. And this courſe I the ra- 
ther choſe, that in caſe I ſhould henceforward comply with 
thoſe who would have me forbear to write any further of — 
E e ON- 
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Controverſies, it might not be preſently inferr'd from my (i. 
lence, that a good Cauſe cannot enable a Pen no better than 
mine to defend it. 95 . | | 

- ButI ſcarce doubt but that intelligent Readers, eſpecially 
thoſe that are imbued with the Principles of the Corpuſcularian 
Philoſophy, will be much more apt to think that I had reaſon 
to write the following Diſcourſes, than to think that I had any 
to make them ſo prolix: And eſpecially ingenious men, that 
are accuſtomed to admit nothing that either is not intelligible, 
or is precarious, will think divers of the ObjeQions I reply to 
' have needed no Anſwers, or at leaſt no ſolemn ones. But to 
theſe I have four things to repreſent. 

And Firſt, That which not a little ſwells the bulk of the fol. 
lowing Treatifes, is the incerting thoſe paſſages of my Adverſy- 
ries that I examine in their own words: which being a PraQice 
that I expe& from any that ſhall think fit to animadvert upon 
any Opinion or Argument of mine; I thought it but equitable 
to do what I defird to have done to me, though oftentimes I 
could not do it in a little room. 

Next, I was the more willing to proſecute ſome of Franciſcus 
Linus his - ObjeRions, becauſe the fear of being reduced to 
grant a Vacuum has ſo prevail'd with many eminent perſons bred 
up in the received Philoſophy of the Schoohks, that though they 
diſagree both with him and among themfelves about the parti- 
cular manner of ſolving the Phenomena of the Torrice/ian Ex- 
periment ; yet they agree in aſcribing them to ſome extremely- 
rarefi'd ſubſtance that fills up the ſpace deſerted by the Quick- 
filver. So that this Opinion, as to the main, being approved 
by many eminent Scholars, eſpecially of that moſt learned Or- 
der of the Jeſuites, (to whom perhaps its Congruity to ſome 
Articles of their Religion chiefly recommends it ) I was willing 
to pay them that reſpe, as not to diſſent from perſons, divers 
of whom for their eminence in Mathematicks and other Learn- 
ing I much eſteem, without ſhewing that I do it not but 
upon Conſiderations that I think weighty. 

Thirdly, though the Examiners Hypotheſis have but _ 

an 
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and not very confliderable, Arguments to countenance it; yet 
his ObjeQions againſt our Doctrine (the Reply to which takes 
up the firſt Part of the following Treatiſe) are ſuch, as though 
they may be ſolidly anſwered by any that throaghly under- 
ſtands our Hypotheſis, yet they may chance puzzle ſuch Readers 
as do not, and theſe poſſibly will prove more than a few 
And, Laſtly, becauſe. that ſometimes when the Argument 
objefted did not perhaps deſerve to be much inſiſted on, the 
Argument treated of deſery'd to be conſidered ; I thought it 
not amiſs to make uſe now and then of ſome ſuch opportuni- 
ties to illuſtrate the matter it ſelf under conſideration: Which 
I the rather did for theſe two Reaſons ; | 
Firſt, becauſe I find that, except by ſome able Mathemati- 
cians and very few other contemplative men, the Dodrine of 
the Spring of the Air, at leaſt as I have propoſed it, is not yet 
ſufficiently apprehended, (and therefore needs to be inculcated.) 
Inſomuch that through a great part of ſome late Diſcourſes of 
men otherwiſe eminently learned, (written againſt other Ela- 
teriſts, not me) there ſeems to run ſo great and clear a miſtake, 
perhaps for want of {kill in the Hydroſtaticks, that I can ſcarce 
impute it to any thing, but to their not throughly under- 
ſtanding the Zypotheſis they would confute. | | 
And, Next, becauſe I was willing to lay down in my Anſwer 
to the ObjcQions I examin'd, the grounds of anſwering ſuch 
other Arguments as may be built upon the ſame or the. like 
Principles. And perhaps I may truly enough ſay, that in the 
following Treatiſe I have already in effe& anſwered ſeveral diſ- 
courſes, written ſome before and: ſome fince mine, by learned 
men, about the Torrice/zaxand other new Experiments relating 
to a Vacuum, though I forbore to mention the names or words 
of the Authors, becauſe I found not that my Writings or Experi- 
ments were as yet known tothem. To theſe things I may adde, 
that I thought the Diſcourſes of Lzw the fitter to be 1nfiſted 
on, becauſe he ſeems to have more diligently than ſome others, 
(who yet.venture to diſpute againſt it) enquired into our Doe 
Grine. And I ſhall not ſcruple to - thus much of an Adverſa- 
E'2 IY, 
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Ty, (and one to whom I gave no provocation to be fo) that 
though I dare not ſpeak in general of thofe that have written et. 
ther about the Weight of the Air, or elſe For or Againſt a V+ 
cuum, becaufe (as I acknowledge inthe firſt Chapter following) 
F cannot yet procure the Books of divers learned men, efpecial- 
ly of thoſe great Perſonages, Roberval, Dalianus and Caſatur; 
yet among the Writers I have hitherto met- with, who have re. 


_ courſe to the Ariſtotelear RarefaQtion and Condenſation in the 


Controverſies under debate, ſcarce any ſeems to have contrived 
his Hypotheſis better than our Linus. Not that I think his Prin. 
ciple is either true, or (at leaſt to ſuchas1) inteliigiblez but that 
the Fxniculus he aſſumes being allow'd him, he may,fora Reaſon 
to be touch'd a little below, make out, though not all the Phe. 
0ena of my Experiments, yet many more of them than moſt 
other Pleniſts, that deny the Spring of the Air, candeduce from 
their Hypotheſes if granted. And in regard that, whereas we 
aſcribe to the Air a Motion of Reſtitution outwards, he attri- 
butes to it the like Motion inwards, it cannot but happen that, 
though the Principles cannot both be true yet many of the Phe- 
20mena may be explicable by which of them ſoever is granted: 
becauſe of this, I fay, it is not ſo eafte as many ingenious Rex 
ders may be apt tothink, to draw pertinent ObjeQions frem Ex: 
perienceagainſt the Adverſary I haveto deal with, Which Ire 
preſent, leſt, as ſome may think I have employ'd more Argy- 
ments than I needed, ſo others ſhould think I have omitted ma» 
ny 3 as indeed I have omitted ſome, thatI might pertinently have 
employ d. | 

hell is another ſort of Perſons beſides thoſe I mention'd 
at the beginning of this Preface, to whom Ilmuſt addreſs the 
remaining part of itz namely, to thoſe who ſeem troubled, 
that 1 ſuffer my ſelf to be diverted either by | 
Einus or Mr. Hobbs from: perfefting thoſe Ex- A9urthe Hiſtory 
perimental Treatiſes that are lying by me, al- of Colours, ofthe 


moſt promisd by the learned Publiſher of the Origine of Quali- | 


Latine Edition of my Ef/ays; and from proſecuting = nd Fore, 
thoſe wayes of enquiry into the Nature of things, W 
| wherein 
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wherein they are pleas'd to think I may be more ſerviceable to 
real Learning and the Lovers of it. And I confeſs that theſe 
Mens Reafons and Perſwaftons bave fo far prevailed with me, 
that after what I have done in the two following Treatiſes, to 
Vindicate my Writings from the ObjeCtions made againſt them 
by two Learned men of very differing Hypotheſes, and thereby 
to ſhew in ſome meaſure that I am not altogether unacquainted 
with the way of defending opposd Truths, I have laid afide the 
thoughts of writing any more diſtin or entire Polemical Trea- 
tiſes about the SubjeAs already diſputed of And to this I am 
invited by ſeveral other Reaſons (beſides what I have newly 
intimated. ) 1-4 | 
For firſt, as I elſewhere declare, it was not my cheif Deſign to 
eſtabliſh Theories and Principles, but to deviſe Experiments, 
and to enrich the Hiſtory of Nature with Obſervations faith- 
fully made and deliver'd ; that by theſe, and the like Contribu- 
tions, made by others, men may in time be furniſh'd with a ſufh- 
cient ſtock of Experiments to ground Zypotheſes and Theories 
on. Andthough in my Phyſico- Mechanical Epiſtle and my Spe- 
cimens I have ventur'd ſome Conjequres alſo at the Cauſes of 
the Phenomenal relate, leſt the Diſcourſe ſhould appear to in- 
quiſitive Readers too jejunez yet (as I formerly faid) I pro- 
pos'd my Thoughts but as Conjecures deſign'd (though not 
onely, yet chiefly) to excite the Curioſity of the Ingenious,. 
and afford ſome hints and affiſtance to'the Diſquiſitions of the 
Speculative. And accordingly I have not forborn to-mention 
divers things, which judicious Readers may eafily perceive E 
foreſaw that many would think unfavourable to the Opinions 
Linclin'd to. Sothat for me to leave Experimental for Contro- 
verſial Studies, were a courſe unſuitable to. the principal ſcope 
of my Writings. | | | 
Next,. though Ihave adventur'd to-improve the Doctrine of 
the Spring and weight of the Arr by ſome Supplements where 1 
found it deficient, and to recommend it by ſome new 1lluſtra- 
tions and Arguments deduc'd from my Experiments :: yet the 
Hypotheſes themſelves (for the main); being the Opinions alfo of 
| Ee3 | far- 
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far learneder Men than I, it might be thought injurious both to 
them and to our common Cauſe, if I ſho ar—s about 
to hinder them from the Honour of Vindicatingthe Truths we a- 
gree in ; efpecially, ſome of them being Excellent Mathematicz- 
ans, andothers Eminent Naturaliſts, whoſe Concernto maintain 
the Hypotheſes againſt ObjeQions, if any ſhall ariſe, 1s equal to . 
mine, and whole leiſure and abilities far exceed thoſe of a Per. 
ſon who both is ſickly, and hath other employments enough, 
and who (ifhe were far better skil'd in Geowetry than he pretends 
to be) hath ſuch a weakneſs in his Eyes, as makes him both un- 
willing and unfit to engage in any Study where the converſing 
with Mathematical Schemes is neceſlary. | 
Thirdly,nordel fee much cauſe to doubt that thethings I have 
deliverd will notwithſtanding my filence be left undefended: 
The forwardneſs I havealready obſerv'd indiversVertxofi to Vin- 
dicate thoſe Writings, which they are pleas'd to ſay have con. 
vincdthem, and toſave me the labour of penning the following 
Treatiſes, fearce permitting meſuch an Apprehenfion. Eſpecy 
ally fince there are ſome things that will much facilitate their 
Task, -if not keep men from putting them upon it. For though 
Mr. Hobbs and Linus have examind my Writings upon Princi- 
ples wherein they differ. as much from each other as from me; 
yet neither have they ſeencauſe todeny any thing that TIdeliver 
as Experiment, nor have their Objections been conſiderable, 
whether as to Number or to Weight, againſt the Applications 
I have made of my Principles to ſolve the Phenomena, So that 
uſually without objeRing any Incongruity tomy particular Ex- 
plications, they are fain to fall upon the Hypotheſes themſelves: 
in whoſe Defencel think I may withthe more Reaſon expeto 
beſeconded; becauſe not onely Fhaveendeavour'd, as [formerly 
noted,to lay the grounds of anſwering ſuch ObjeQions asI fore- 
faw mightariſez but Thave alſo, to prevent or eaſe their labour, 
written the two firſt Parts of my Defence againſt Li-s,without 
being oblig'd-to do fo for the Vindicating of my Explications, 

which are particularly maintain'd in the third Part. 
I know not whether I may venture to adde on this _—_ 
at 
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That thoſe who have taken notice of the uſefulnebs of .Experi- 
ments to true Philofophy, and have obſerv'd that nevertheleſs 
the Difficulty, Trouble, and Charge of making them is ſuch, 
that evenin this Learned Age of oursthere are very few Bacor's 
or Merſennus'sto be met with, and thoſe who have either made 
themſelves, or at leaſt ſeen others make Experiments, evenſuch 
2s thoſe I have publiſh'd, with the care I am wont to think my 


ſelf oblig'd toemploy on ſuch Occaſions; will perhaps notonely 


believe that they coſt me far more time and pains than they that 
have not made nor ſeen ſuch tryals are aptto imagine, but will 
poſſibly think it enough fora Perſon that is not by Profeſſion a 
Scholar, to make them carefully, and ſet themdown faithfully, 
and will allow him to let others Vindicate the Truths he may 


| have the good fortune todiſcover, eſpecially, when there are ſo 


many fitter for it than he, who have (as wellas his Adverſaries;) 
more leiſure to write Diſputations than opportunity to proſe- 
cute Experiments;z the latter of which to be perform'd as it 
ought tobe, doth in. many caſes, beſides ſome Dexterity ſcarce 
to be gain'd but by practice, , require ſometimes more Diligence, 
and oftentimes too more Colt, than molt are willing,or than ma- 
ny are able, to beſtow upon them. 

To be ſhort, though it any thing very worthy tobetaken no- 
tice of by me be ſuggeſted againſt any of my cheif opinions or 
Explications, I may either take an occaſion to fay ſomewhat to 
it elſewhere, - or at leaſt have an opportunity to conſider it in a 
Review, wherein may alter, mend, ſupply, vindicate or retra& 
divers Paſſages of my other Writings: yet I would not have it 
expected that I ſhould exchange a Book with every one that is 
at leiſure to write one againlt a Vacuum, or about the Air. 
Which Declaration I make, notthat I think it will or ought to 
hinder any man from making uſe of his liberty to expreſs a dit 
ſent, if he ſees cauſe; but for theſe two Reaſons. 

The oe, That my f(ilence might not injure either the Truth 
or my ſelf, by tempting men to think, that whatever Idonot an- 
ſwer, I cannot; but might give unbiafs'd and judicious Readers 
a Cautionto allow as little of Advantage to the Writings of my 

| adyer. - 
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adverſaries upon the account of theirbeing unanſwer'd by me, y 
if I were no longer in the World, - And the other, That I may 
not hinder thoſe who would reply to ſuch Adverſaries by leaye. 
ing them an apprehenſion that either I may prevent them, 
they me. To conclude, I ſee no cauſe todeſpair, that whether 
or no my Writings be proteted, the Truths they hold forth 
will in time in ſpite of oppoſition eſtabliſh themſelves in the 
Minds of men,as the Circulation of the Bloud.,and other former. 
ly much conteſted Truths have already done. My Humour 
has naturally made me too careful not to offend thoſe I diſſent 
from, to make it neceſfary for any man to be my Adverſary 
upon the account of Perfonal Injuries or Provocations. And 
as for ary whom either Judgment or Envy may invite to con- 
tend, that the things I have communicated to the World defer. 
ved not ſo much Applauſe as they have had the luck to be en. 
tertain'd with ; that ſhall make no Quarrel betwixt us: For per- 
haps I am my ſelf as much of that mind as hez and however 
T ſhall not ſcruple to profeſs my ſelf one of thoſe who is more 
defirousto ſpend his time uſefully, than to have the Glory of 

leaving nothing that was ever written againſt him unan- 

{werd; and who is more fſolicitous to purſue the wayes of 

diſcovering Truth, than to have it thought that he never 

was ſomuch ſubje& to Humane Frailties as to mils it. 
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- Newly-publiſhed Treatiſe ,. De Corporum inſepara- 
| bilitate, being ' brought to my- Hands, 1 find ſeveral 
Chapters of it employ'd to oppoſe the Explications I 
venturd to give of ſome of my ew Experiments touching the 
Spring of the Air. Wherefore though I am very little delighted 
to be'engagd 1n Controverſies, and though I be not at preſent 
without Employments enough (of a private, and of a publick 
Nature) to make it unſeaſonable for me, to be by a Work of 
this ſort diverted from them 3 yet-for the Reaſons ſpecified in 
the Preface, 1 hold it not amiſs to examine briefly what is ob- 
jected againſt the thing Thave delivered: and the rather, partly, 
| becauſe the learned Author, whoever he be (for'tis the Title- 
\ © Page of his Book that firſt acquainted me with the name of 
| FPFranciſcas Linus) having forborn provoking Languagein his 
ObjeQtions, allowes me in anſwering them to comply with my 
| Ff Inclt- 


(2) 


Inclinations and Cuſtom of exercifing Civility,even where I moſt 
diſſent in = of Judgment. Beſides, the Author himſelf hay 
ſomewhat facilitated my Reply to him, by direQting me inthe 
ninth Page to ſome Books and Paſſages that I had not, when 
- publiſhe my Epiſtle, either ſeen or taken noticeof. As indeeq 
there are befides ſome of theſe ſeveral other Diſcourſes thy 
treat of the Torrece/ian Experiments, which though by the 
names of their .Authors I zueſs to be learnedly written, I haye 
not to this day hadopportunity to peruſe, my ftay in the remo- 
ter part of Ire/and (whither Philoſophical Books were not, in 
that time of publick Confuſion, brought) having kept me from 
hearing of divers of them, till they were all bought up. Which 
I here mention, to excuſe my ſelf if Thave not taken notice of 
ſome things or paſſages tobe met within theſe Writings, which 
their Learned Authors or Inquiſitive Readers might juſtly per. 
haps expe& Iſhould take ſome notice of, in caſe thoſe Writings 
had fallen into my hands. But to digreſs no further. 

*Tis true indeed, and it ſomewhat troubles me that it is ſo, 
that I can ſcarce promiſe my ſelf to make my Adverſary a Pro- 
ſelyte, ſince he without ſcruple affames thoſe very things as 
Principles, that to me ſeem almoſt as great Inconveniencesas1 
would defireto ſhew any Opinion Idiflike, to be liable unto, 
But fince whatever Operation the following Diſcourſe may have 
upon the Perſon that occafion'd it, I hope it may bring fome fx 
tisfation to thoſe Philoſophers who can as little as I underftand 
the Ariſtotelean Rarefation, and who will as well asT be back- 
ward to admit what they cannot underſtand; it ſhall faffice me 
to defend the Truths I have deliver, if I cannotbe ſo-happy as 
to convincemy acute Adverſary of them; and I ſhall not believe 
_ my labourloft, if this Diſcourſe can contribute tothe Efſtabliſh- 
ment of ſome Notions Philoſophy that I think not inconſide- 
rable in the minds of thoſe whoſe clear Principles make me the 
moſt reſpe& their Judgements, and for whoſe ſakes I principal- 
Iy write. | 

: Now though I be not in {tricineſs oblig'd todefend any more 
than ſuchof my own Explications as the Examiner has m—_ 
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fit to queſtion, and thoſe Particulars which I have added by 
way of Improvement ta the-two ZZpotheſes of the Spring and 
Weight of the Airz. yet that I may the more effeQually profe- 
cute what Ilately-intimated 1 aim at in this Writing, and may 
as well illuſtrate my Doftrineas defendit,. I ſhall divide the en- 
ſuing Treatiſe into three Parts 3 whereof the firſt is defignd to 
anſwer -my Adverſarics Objeaions againſt our Principlesz the 
ſecond ſhallexamine the Funicular ZZypotheſirhe would ſubſtitute 
in their ſtead; and the third ſhal} contain particular Replyes to 
what he alledges againſt ſome of my particular Explications. 
CHAP, 11. 

Lthovugh our Author confeſles in his ſecond Chapter, that 
A the Air has a Spring as well as a Weight, yet hereſolutcly 
denies that Spring. to be near great enough to perform thoſe ' 
things which his Adverſaries (whom for-brevities {ſake we will 
venture to call F/ateriſts) aſcribe toit. And his whole fourth 
Chapter, as the Title declares, is imploy'd to prove that the 
Spring of the Air js unable in acloſe place to keepthe Mercury 
ſuſpended in the Torrece/zar Experiment. The proof of this 
Aſſertion he ſayes is eafie: But alledges:two or three Arguments 
forit, which Ichink will be more eafily anſwer'd than his Afſer- 
tion evincd. | ; 

In the Firſt he ſayes that thoſe. Experiments concerning the 


| Adheſion of ones finger, &c. which he had mentioned in the 


foregoing Chapter, eodews modo ſe habent in loco clanſo ac in aper= 
to, But the anſwering of this we ſhall ſuſpend till anon ; partly, 
becauſe it may then be more conveniently. examin'd, and partly, 
becauſeour Author ſeemsnotto build much uponit, his chief Ar- 
gument being that which he-propoſes in theſe words, Cum tote 
vis hujus Elaterii pendeat 4 refutato jam atris £qui- | 
pondio cum digitis 295%. argenti vivi, itaut nec plus, nec Page. 20. 
minus faciat boc elaterium in loco occluſo, quam fit peril- 

lud equipondinm in loco aperto; manifeſtune eſt, cum jam oftenſuut 
ſet fi@itium plane efſe bujuſmodi equiponditum, fiditium quoque efſe 
tale elaterinm. Wherefore fince all the validity of his Objection - 
/Þ F f 2 againſt 
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I. 
againſt the Spring of the Air depends upon his former Chap. 
ter, wherein he thinks he has diſprov'd the Weight of the Air: 
it will behove usto look back into the former Chapter, and ex. 
amine the four Arguments which he there propoſes.. But F muſt 


crave leave tovary from his method, and conſider the thirdin 


the firſt place, becauſe the removal of that Obj=<Con will facj. 
litate and ſhorten the anſwer tothe reſt, His Third Argument 
therefore is thus ſet down. Nam ſi Tubus viginti tantum digi. 
torum (quo uſt ſumus'in primo Argumento) non totys 
impleatur argento, ut prins, ſed ſpacium aliquod inter 
digiturs ſuperiorem & argentum relinquatur in quo ſit ſolus ar; 
videbimus ſubtra&o inferiore digito ſuperiorem non ſolum deorſun 
trahi, ut prins, ſed etiam argentum jam deſcendere, idgue nota. 
biliter, quantum nimirum extendi poteſt exiguailla atris particul; 
2 tali pondere deſcendente. Onde | loco illius atris ponatuy aqug, 
alinſue liquor qui non tam facile extenditur, deſcenſus nullu 
ertt, | | | 

Hinc, inquam, contra hanc ſententiam formatur argumentumn : 
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nam [i externus ille atr: nequeat vel hos vigints digitos argenti 4 


lapſu ſuſtentare, uti jam vidimus, quomodo queſo ſuſtentabit 2.9: ? 
Certe hec nullatenus reconciliari poſſunt. 

- But tothis Argument, which he thinks ſo irreconcilable with 
his Adverſaries Hypotheſis he has himſelf furniſht them with an 
Anſwer in theſe words, Dzces forte ideo argentum in hoc caſu de- 
feendere, quia deorſum truditur ab azreillo ſeſe per ſunm Elaterinn 
dilatante. Which Anfiver I think ſufficient tor the ObjeQion, 
notwithſtanding the two exceptions he takes at it, 

For firſt, wherea: he ſfayes, that ſic deberet digitus potins 3-tuby 
repelli, quam eidem afſigi, cum nonminns ſurſum quam deorſum fiat 
hxjuſmodi dilatatio :* Re confiders not, that though the endex- 
vour.of the included Air to expand tt (elf be at firſt every way 
alike, yet the expanſion it ſe}f in our caſe muſt neceſſarily be 
made downward, and not upward; becauſe the Finger that 


' ftopsthe:Tube being exposd on the-upper parts and the ſides 
to the external Air, has the whole Weight and preſſure of the 
' Atzzoſphere upon '1t; and conſequently cannot be thruſt away 


but 
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(s) 
butby a force capable to ſurmount that preſſure : whereas on 
the lower fide of the Included Air there is the Weight of the 
whole Mercarial Cylinder to affiſt the Spring of the Air, toſur- 
mount the Weight of the Arzoſphere that gravitates upon the 
reſtagnant Mercury: So that the Air included and endeavouring 
toexpand it ſelf, finding no aſliſtance to expand it ſelf upward, 
and a confiderable one to expand it ſelf downward, it is very 
natural that it ſhould expand it ſelf that way whence it finds 
leſs refiſtance. As accordingly it will happen, till the Spring of 
the Air be ſo far debilitated by its Expanſion, that itF preſſure, 
together with the weight of the Mercary thatremains ſuſpended, 


will but counter-balance, not overcome, the preſſure of the out- 


ward Airupon the reſtagnant Mercury. And this explication may 
be confirm'd by this trial that I have purpoſely made,namely,that 
if inſtead of Quickſilver you employ Water,and leave as before 
in the Tubean Inch of Air, and then invertipg tt, open itunder 
Water, you will perceive the included [nch of Air not todilate 
it ſelf any thing near (for I need not heredefine the Proportion) 
half ſo far as it did when the Tube was almoſt fill'd with Mer- 
cury; becauſe the Weight of ſo ſhort a Cxlinder of Water does 
but equal that of between an Inchand an Inch and an half onely 
of Quickſilver, and conſequently the inward Air is far lets 
aſſiſted to dilate it fe}ff and ſurmount the preſſure of the out- 
ward Air by the Cylinder of Water than by that of Mercary; 
And-as for what our Author ſayes, that if inſtead of Air, Water 
or ſome other Liquor be left at the topof the Tube, the Quick- 
filver will not deſcend : the E/ateriſts can readily ſolve that: Phe- 
n01en0n, by ſaying that Water has eitherno Spring at all, or 
but an exceeding weak one; and ſo ſcarce preſſes but by its 
Weight; which in ſo ſhort a Cylizder 1s inconfidcrable. Now the 
ſame ſolution we have given of our Examiners Objection, gives 
us alſo an account why the Finger 1: fo (ſtrongly taſtned to the 
upper. part of the Orifice of the Tube it ſtops; for theincluded 
Air being (o far dilated that an Inch, for example, left at firſtin 
the upper Part of the Tube, reaches twice or thriceas far as it did 
before the dcſcent of the Quickſilver, its ſpring muſt be pro- 

428 portionably. 
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portionably weakned. And conſequently. that part of the 
Finger that is within the Tube will have much let: preſſure a. 
gainſt it from the dilated Air within, than the upper part of 
the ſame Finger will have from the unrarefi'd Air without, B 
- which means the Pulp of the Finger will be thruſt in (which 
our Author is pleas'd to call ſuckt in) as we {hall ere long have 
occaſion to declare iz our Anſwer to his ſecond Argument. 
And having ſaid thus much to our Authors firſt exception 
againſt the ſolution he foreſaw we wouldsgive of his third Ax. 
gument z-we have not much to ſay at preſent to this ſ:cond, 
For whereas he ſayes, Concips non poſſe quomodo atr ills 
ſee ſe dilatet, argentumque deorſum trudat, niſt occupandy 
majorem locums Yuod tamen hi Authores quam maxime refuginnt, 
aſſerentes rarefaFtionem non aliter fieri, quam per corpuſcula aut 
Pactitates: I wiſh he had more clearly expreſs'd himſelf, fince 
as his words are couch'd I cannot eaſily gueſs what he means, 
and much leſs cafily diſcern how they make an Argument a- 
gainſt his Adverſaries. For, ſure he thinks them not ſo abſurd, 
as to imagine that the Air can dilate it ſelf, and thruſt down 
the Mercury, without in ſomeſenſe taking up more room than it 
did before: For the very word Di/atation, and the effec they 
aſcribe to the included Air, clearly imply as much; fo that I fee 
not why he ſhould fay that they are fo averſe fromgranting the 
Air to take up more Place than before, eſpecially ſince he takes 
notice in the former Chapter, that we compare the Expanſion 
of the Air to that of compreſsd Wooll; and ſince he herealfo 
annexes that we explicate RarefaQion either by Corpuſcles or 
Vacuities. But this later Claufe makes me ſuſpe& his meaning 
to be, that the Elateriſts do not admit that the ſame Air may 
adequately fill more of Placeat onetimethan at another 3. which 
I believe to be as true as that the ſel-fame lock of compreſsd 
Wooll has no more Hairs in it, nor does adequately fil} more 
Place with them, when it is permitted to expand it ſelf, than 
whilſt it remain'd compreſs'd. But againſt this way of Rare- 
fation our Author here has not any ObjeQion, unleſs it be 1n- 
timated in theſe words, Corcipi nor poteſt + Which if —_ 
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T ſhall need onely to mind him in this place, that whereas many 
of the chiefeſt Philoſophers, both of Ancient and our own 
times, have profeſt they thought not the Ariſtotelean way of 
RarefaQion concezvablez and he acknowledges (as we ſhall fee 
anon) that it is not clear 5 what the ableſt of his Party (the mo- 
dern Pleniſts) are wont to obje@ againſt the way of RarefaQtion 
he diſlikes, 1s, that it is not #rze, not that it is not 7»te//zeible. 


CHAP. III. 


UR Authors Second ObjeQion (for ſol reckon it) is thus 
() propos d by him. S; ſumatur tubus utringque apert us 

ſed longior, puta digitorum 40. Argentoque impleatur, eique 
aigitus ſuperne applicatur ut prins, videbinms ſubtraFo inferiore 

digito,argentum quidem deſcendere uſque ad conſuetam ſnam ſtatio- 

nems Digitum autem ſuperiorem fortiter intra tubum trahi, eique 

firmiſſime, ut prins, adherere. Ex quo rurſum evidenter conclu- 

ditur, argentum, in ſua ſtatione conſtitutum, non ibidem ſuſtentarz 

ab externo atre, ſed 2 funiculo quodam interno ſuſpendi, cujus ſu- 

perior extremitas, digito affixa, euns ſic intra tubum trahit, ejque 
affigit. But this Argument being much of the ſame nature 

with that drawn from his third Experiment, the Anſwer made 
tothat and to his firſt may be eaſily apply'd, and will be ſufi- 

cient for this alſo; eſpecially becauſe in ourpreſent caſe therets 
leſs Preſſure againſt the Pulp of'the Finger in the inſide of the 

Tube than in the third Experiment (where ſome Air isinoluded, 

though much expanded and weakned;) the Preſlureof the Ar- 
moſphere being in the preſent caſe kept off from it by the ſubja- 

cent Mercary, whereas thereis nothing of that Preſſure abated 

againſt the other parts of the Finger that kept it off fromthede- 

ſerted Cavity of the Tube, fave onely that from the Pulp that 

1s contiguous tothe Tube,there may be fomewhat of that Preſ- 

fure taken off by the Weight of the Glaſs it ſelf, But as for that 
Partof the Finger which immediately covers the hole, whether 
orno there beany Spring in its own fibres, or otherconſtituent 

ſubſtances, which finding no refiftance in the place deſerted by 
the Quickſilver, may contribute to its ſwelling (for that we will 
not: 
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not now examine) he that has duly confiderd the account a. 
ready given of this Intruſion of the Pulp into the Glaſs, wij 
find no need of our Authors internal Fxnicalas, which to ſome 
ſeems more difficult to conceive, than any of the Phenomens 
in Controverſie is to be explain'd without 1t. 


CHAP.IV. 


Y what we have already faid againſt our Examiners Third 
Argument, we may be aſſiſted to anſwer. his firſt, though 
he propoſe it as a very clear Demonſtrationz and though it be 
indced the principal thing in his Book. Sumatur -({ayes he) 
tubus_brevior digitis 29% puta digitorum. 20. non tamen 
Tage 12, clauſas altero extremo, (ut hatenus ) ſed utrinque apertus, 
Hic Tubus, immerſo ejus orificio Argento reſtagnanti, ſuppoſitoque 
digito, ne effluat Argentum Tubo infundendum, impleatur Argenty 
vivo: alinsg; deinde digitns orificio quoq; applicetur, illadgq; bene 
claudat. Guo faGo, 6 ſubtrahatur inferior digitus, ſentietar 
ſuperior vehementer trahi ac ſugi intra tubum, tamgz pertinaciter 
ez (vel argento potins, ut poſtea) adherere, ut ipſum tubum cun 
foto argento incluſo facile elevet teneatq; in vaſe pendulum. * 

Ex quo ſane experimento clariſſume refellitur hec ſententia: 
Cum enim, juxta eam, Argenium in tubo hujuſmodz 20. tantun 
digitorum, ſurſum trudatur 4 preponderante atre externo: nun- 
quam profeFo per eam explicabitur, quomodo digitus ille ſic traha 
tur dgorſum, tuboq; tam vehementer adhereat 5 non enim 4 tru- 
dente ſurſum poteſt ſic deorſum trahi. 

Thus far our Authors objection, in anſwer whereunto I have 
divers things to repreſent, toſhew, that a good account may be 
given of this Experimentin the ZZypotheſzs of the Elateriſts,which 
1s ſufficient to manifeſt how far the argument is from being ſo un- 
an{wcrable as the propoſer of it would perſwade his Reader. 

 Ideny then that the Finger is drawn downward, or madeby 
{auction to adhere to the Tube; but I explicate that which, he 
calls the ſuction of the Finger, as I lately did in anſwer to his 

third Argument, as we ſhall more particularly ſe: anon. - 
He fayesindeed, that the Air whichthruſt up the Quickſilver 
cannot 
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cannot ſo ſtrongly draw down the Finger. As if the Air were 
not a fluid body, but a ſingle and entire pillar of- ſome ſolid 
matter. But to ſhorten our Reply to his ObjeRions, the beſt 
way perhaps will be briefly to explicate the Phenomenon thus: 

When the Tube is filld with Quickſilver, the Finger that 
ſtops the upper Orifice is almoſt equally prefs'd above and at the - 
fides by the contiguous Air; but when the lower Finger is re- 
mov'd, then the Cylinder of Mercxry, which before gravitated 
upon the Finger, comes togravitate uponthe reſtagnant Mercu- 
ry, and by its intervention to preſs againſt the outward Air: fo 
that againſt thoſe parts of the Finger that are contiguous to 
the Air there 1s all the wonted preſſure of the outward Airs 
whereas againſt that Pulp that is contiguous to the Mercury 
there is not ſo much preſſure as againſt the other parts' of the 

Finger:by two thirds. Ifay by two thirds, or thereabout, be- 
cauſe the Mercarial Cylinder in this Experiment 1s ſupposd to 
be twenty Inches high; and if it were but a little more than 
thirty Inches high, (which is athird more) then the weight of 
the Quickſilver would take off not two thirds only, but the 
Whole preſſure of the outward Air, from the above-mentioned 
pulp of the Finger. For in that caſe the Quickſilver would 
quite deſert it, and ſettle beneath it. Wherefore fince it has 
appeared by our Anſwer to the Examiner's third Argument, 

That the preſſure of.the outward Air is taken off fromthe body 
that remains in the upper part of the Tube, according to the 
weight of the Liquor ſuſpended in the Tube ; and fince in our 
Hypotheſis the preſſure of the outward Air is able to keep thir- 
ty Inches of Quickſilver, or two or three and thirty foot of 
Water, ſuſpended in a Tube; it need be no great' wonder, it 
a preſſure of the ambient Air, equal to the weight of a Cylin- 
der of Water of near twenty two foot long, ſhould be able to 
thruſt in the pulp of the Finger at the upper Orifice of the 
Tube, and make it ſtick cloſely enough to the lip of it. 

Iknow the Examiner affirms, That no thruſting or preſſure 
from without can ever effe&ſuch an adheſion of the Finger to 
the Tube. But this ſhould be as well prov'd as ſaid. Bur, firſt, 
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(10) 
though'l am willing to think the Examiner would not know. 
ingly relate any thing he is not perſuaded of; yet as far as I and 
another perſon very well versd intheſe Experiments have pur- 
poſely tried, I could not find the Adheſion of the Finger tothe 
Tube to be near ſo ſtrong as our Author hath related. Second. 
ly, if you carefully endeavour by preſſure and otherwiſe to 
thruſt the pulp of your Finger into the Orifice of the Tube, 
you may through the Glaſs perceive it to be manifeſtly tumid. 
In the cavity of the Pipe. And if by preffing your Finger 
againſt the Orifice of the Tube, you ſhould not make the pulp 
adhere quite ſo ſtrongly tothe Tube, nor (well quite ſo much 
within it, as may happen in ſome Mercurial Experiments ; it is 
to be confider'd, that the Air being a fluid as well as a heavy 
body, it does not (as grofſer Weights would) preſs only a- 
eainſt the upper part of the'Finger, but preſſing as much of 
the finger as isexpos'd to it almoſt every where, and almoſt uni. 
formly, as well as ſtrongly, it does by its lateral preſſure on 
every fide thruſt in the Pulp of the Finger into the hole where 
there is not any reſiſtance at all, or at leaſt near ſo much preſ: 
ſure againſt the Pulp as that of the ambient Air againſt the parts 
of the Finger contiguous to it. 

By this it may appear that we need not borrow the ObjeQti- 
on our Author offers to lend us; namely, that in the Experi- 
ment under confideration the Quickſilver is preſs'd downward 
by the Spring of ſome Air lurking betwixt it and the Finger. 
(Though I am prone to think that unleſs the Experiment be 
made with a great deal of care, ſuch athing may eafily happen, 
and contribute to the ſtronger Adheſton of the Finger to the 
Tube.) This I fay may appear notwithſtanding what our Au- 
thor Objefts, that the Air expandivg it ſelf will thruſt away 
the Finger upwards, ſince the contrary of that pretence we 
have lately manifeſted in the Anſwer to his Third Argument. 
And as for what he adds to confirm his Argumentation. in 

| theſe words, 2nod vel inde confirmatar, Quia cum pre: 

ain ponderans ille atr ſuccedat (uti aſſeritur ) loco ſublati in- 
ferioris digiti, id eſt, eodem modo nunc ſuſtentet Argentum quo 
| ante 


amte ab applicato. digito inferiore ſuſtentabatur; . manifeſtum eſt, 
por debere; juxta-hanc ſententiam, magis deorſim trahi digitun 
ſuperiorem poſt ſublatam inferiorem quam ante, Cum itaque con- 
trarinm plane doceat experientia, ſatis liquet ſententiam illam eſſe 
falſam. We-muſt conlider that the Tube being ſuppos'd per- 
. fealy full of Mercury, the Finger that ſtops the lower Oritice 
is wont:to-be: kept:ſtrongly preſs'd. agninlt it, leſt any of that 
. ponderous Liquor ſhould.get out between the Tube and the 
| Finger, So that although. both the lower Finger do indeed 
keep up the Mercary in the Tube, and the preſſure of the out- 
ward Air wquld do ſo too; yet there is this difference, that 
the preſſure of the Atmoſpiere depending upon itsWeight, can- 
-notbe intended and weakned as we pleaſe, , as can that of the 
undermoſt Finger. Ard therefore whereas the Atmoſpherical 
Cylinder will not keep up a Cylinder of Quickſilver of above 
thirty Inches high, thoſe that make the Torrice/zan Experiment 
do often, upon one occaſion. or ather, keep up with. the Finger 
a Mercurial Cylinder of perhaps forty or fifty Inches or: far 
more: So that whereas in our caſe, befote the removal of the 
undermoſt Finger, the Pulp of the uppermoſt muſt bave about 
the ſame preſſure againſt it where it is contiguous to the. Mer- 
. cury, asthere is againſt the other part of the ſame Finger ; af- 
ter the removal of the undermoſt Finger, there is as much of 
the Atmoſpherical Preſſure, if I may ſo ſpeak, taken off from 
the newly mention'd Pulp as counter-balances a Cylinder of 
Quickſilver of twenty Inches long. 


CHAP.V. 


He Examiners Fourth and laſt Experiment is thus propos d. 
| Duarto denique (lays he) impugnatur: Yuia ex eo ſeque- 
retur, Argentum vivun per ſimilem Tubum & vaſculo ex- 
#gi poſſe eadem prorſus facilitate. qua ex eodem exugere- 
' tur aqua © .quod tamen. experientie repugnat;, qui tecgmur aquen: 
 7n, 05 ſugentis facillime attrahiy (quo tamen- Argentu9n vivun. ne 
Foto 'quidems adhibito:conatu. perduci-queat, imo vix-ad Tubi me- 
dictates. : 36 
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Sequelam antem ſic oftendo: Quia cum in hac ſententia nihil 
aliud agendum fit quam hoc, ut per Tubum ſic aſcendat ſubjeF us 
Liquor, ſrve Aqua fuerit, ſtve Argentum, rift ut ſugendo ſurſum 
trahatur atr Tubo incluſus, quo ſic attraFo aſcendit illico ſh. 
jeF&us Liquor, protruſus nimirum ab externo atre jam prepon. 
derante (uti docet Pecquettus in difſertatione Anatomica pag, 
63.) manifeſtum eſt, eddem plane facilitate exugendum ſic Ar. 
gentum vioum qua exugitur Aqua : Yuod quunr Experientie 
tan woe repuguat, neceſſe eſt ſententiam ex qua ſequitur fal. 
jam efſe, 

This Experiment I remember I made ſome years ago, accor- 
dingly 'tis alledg'd in the fourth Eſlay of the Treatiſe (I way 
then writing ) to prove againſt the Vulgar Opinion, that Li- 
quors do not to prevent a Vacuum ſpontaneouſly aſcend, which 
I preſume will be fo far allow'd of by our Author, who would 
have Liquors ſuppos'd to be raisd by Sucion violently drawn 
up by the contraction of his Fxnicz/zs, But to examine this 
Experiment, as it concerns the prefent Controverfie, we 
may recal to mind that we formerly ſhew'd in the Anſwer to 
our Author's Third Argument, That when the Mercurial Cy- 
Hinder that leans upon the reſtagnant Mercury has at the other 
end of it Air, kept from any entercourſe with the Atmeſ- 
phere, that included Air has ſo much of the Preſſure of the 
external Air taken off from it as counterpoiſes the Mercyrial 
Cylinder. And the Finger that is expos'd to the whole Pref: 
fure of the ambient Air in fome of its Parts, and jn others 
but to the much fainter Preſſure of the included Air, endures 
an unuſal Preſſure from the preponderating power of the 
Atmoſphere. | | | 

We may conſider alſo that there 1s againft the Thorax and 
thoſe Muſcles of the Abdomer that are fubſervient to Reſpira- 
tion the Preſſure of the whole an:bient Air. Which Pref: 
ſure, notwithſtanding, The Muſcles deſign'd tor the uſe of Reſ- 
piration, are able without any confiderable reſiſtance to: dilate 
the Thorax at pleaſure 3 becauſe, asfaſt as they open the Cheſt, 
and by dilating it weaken the Spring of that Air which is _ 

within 


C13) 
' withinthe Body, the external Air by flowing in, for; want of 
finding the uſual reſiſtance there, keeps that within the Thorax 
in an /Equil:brinm of force with that without. Theſe things 
premiſed, 'tis not Difficult in,our Hypotheſis to give an Anſwer 
to our Examiner's Experiment. For we ſay when a Cylinder of 
Mercury is raig'd in} the Tube to any conſiderable height, the 
Preſſure of the Air in the Thoraxis leſlen'd by the whole weight 
of that Mercurial Cylinder, and conſequently the Reſpiratory 
Muſcles are thereby diſabled todilate the Chelt as freely as they 
were wont, by reaſon of the prevalency of the undiminiſh'd 
Preſſureof the external Air againſt the weakned Pretlure of the 
internal: But if inſtead of Mercury you ſubſtitute Water, fo 
ſhort a Cylinder of that comparatively light Liquor takes off 
ſolittle of the Preſlure of the included Air, that 1t comes into 
the Lungs with almoſt its uſual ſtrength, and conſequently 
with almoſt as much force as the outward Air prefles with 
againſt the Thorax. | 
And on this occaſion there occurs to my thoughts a noble 
Experiment of the moſt Ingenious Monſieur Paſchal, which 
clearly ſhews, that if we could free the upper part of ſuch a 
Tube as we are now conſidering from the Preſſure of all inter- 
nal Air, it would follow, as the Examiner ſays it ſhould, that 
the Quickſilyer would by the Preſſure of the outward Air be 
impelld up into. the Tube as well as Water, til! it had attain'd 
a height great enough to make its Weight not inferiour but 
£qualto that of the Atmoſphere, The Experiment it {elf be- 
ing ſo pertinent and conſiderable, we ſhall annex it in the 
ſame words wherein 1t is related by his Country-man and Ac- 
quaintance, .the Learned and Candid Gaſſen- _ on 
dis. Neque hoc vero ſolum, ſed inſuper vitreo Fl i A carey 
Diabete Clyſtereve ea qua par fuerit longitudine De nupero Inanis Ex- 
confe&Fo, & paſt embolum ad orificium uſq; com Mmm: 
pulſum, immiſſo ad norman in ſubjeFum Hydrargyrum, depre- 
bendit, ubi embolum ſenſim deinde educitur, conſequi Hyadrargy- 
' rum aſcendereq; ad eandem uſq; duorum pedum & digitarumtrium 
eur ſemiſſe altitudinem. To which he immediately ſubjoyns a 
Gg 3 Circum- 
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Circumſtance very conſiderable to the preſent Controverfie in 
the following Clauſe. Ac #bi deinceps, adhibita licet non ma. 
jore vi, Embolum altizs educitur, conſiftere Hydrargyrum, neg, 
amplins conſequi, ac fieri interim Jnane quod ſpatinm intercipitur 
ab ipſo ad Embolum nſque. Thus far he. So that as tothe Exa. 
miner's Experiment, we may well explicate it in our Hypotheſ,, 
by ſaying, that agreeably toit it happens, that in a morefox. 
cible Reſpiration the Mercxrzal Cylinder is raifed higher than 
in a more languid ; becauſe, in the former Caſe, the Cheſt be. 
ing more dilated, the included Air is alſo more expanded; 
whereby its debilitated Spring cannot as before enable the Mer. 
curial Cylinder to counterpoiſe altogether the Preſſure: of the 
ambient Air. [And that the reaſon why the Quickſilver is not 
by Reſpiration rais'd as high as'it is kept ſuſpended in the Torr. 
cellian Experiment, is not, that the Preſſure of the outward 
Air is unable to raiſe it ſo high, but becauſe, as we have alrea- 
dy declar'd, the free Dilatation of the 7horax- is oppoſed by 
the Preſſure of the ambient Air ; which Preſſure being againſt 
ſo great a Superficies, and being but imperfeQly reſiſted by the 
debilitated Preſſure of the Air within the Thorax, will be eafi- 
ly imagined to be very conſiderable by him who conſiders that 
in our Engine, the Preſſure of the external Air againſt the Suc- 
ker of leſs than three inchesDiameter was, as we relate-in the 
33. Experiment; able to thruſt up a Weight of above a hundred 
pound. And here we may obſerveupon the By in confirmation 
of our-formet Do@rine, that when we ſtrongly ſuck up Quick- 
ſilver in aGlaſs Tube, though the Elevation of the Quickfilver 
be according to our Author performed: likewiſe by his Fanics- 
las. contraging”it.felf every way,” and ' though there-be a 
Communication betwixt 'the* internal ſurface of the Lungs, 
-and'the'cavity of the Tube 5yet we fee] *not-in our: Lungs 
any endeavour” of the \fhrinking 'Fanicalrs 40. tear ' off that 

- Membrane'they are lind with. 05 0 | 
And thus'we have exatnin'dour Author's four Arguments; to 
-provethat.1n the TornztY7zr Experiment the Quickfilver can- 
' note kept fuſpended' 'by- the counterpoiſe of the external 
; | Air: 


(15) 
Air: Againt-whiel Optyionhe.tell.us indeedcbat other Ar- 
guments.might be alledg/d) buras jit-is-not prabable = F 

that if-he had thought thenx better-than thoſe he hag. 7 
eleRed: torinfift on,, he would have:omitted-them 3. ſ@.'tis not- 
unlikely that Anſwers-might-be as. well found-for, them. as for 
the others 3 eſpecially ſtnce- that: which-he ſingles out fora Spe- 
cimen is, that from. his Adverfaties: Hypotheſis it would follow, 
that the Quickſilver would deſcend-much more (T ſuppole 'tis 
a miſtake of the Preſs, for muchleſs) in cold Weather than in 
hot, becauſe the Air is then thicker and heavier, and therefore 
ought to impel up the Quickſilver higher. For befides that we 
ſhall in its due place queſtion the validity of our Author's Con- 
ſequence 3 it will be here ſufficient to Reply, that the Obſer- 
vation on which he grounds it does not conſtantly hold, as his 
Objection ſuppoſes: Which may appear by that part of our 
18. Experiment whence the matter of fat is deſum'd, as we 
ſhall have occaſion to takefurther notice of when we ſhall come 
to the Defence of that Experiment. So that what has been 
hitherto Diſcours'd on both fides being duly confiderd, the 


Reader is left to jadge what ground the Examiner had for the... 


Empomnyuz Wherewith he is pleasd to conclude his Third 

Chapter, Mameat igitur tot Argumentis comprobatum, 

uorum quodlibet ſe ſolo ſufficit, Argentum ( faGo "I 
perimento in loco aperto) per externi atris gravitatem a lapſu 

minime ſuftentari, 


CHAP. VI. 


Is fourth: Chapter, wherein the Title promiſes that he will 

prove, Argentum in loco occluſo non ſuſtentari a lapſu per 
ipſum atris. Blaterium," 1s very ſhort, and does not require that 
we ſhould dwell long upon it. For the proof he brings of his 
Aſſertion being this, Cumtota vis bujus Elaterii pen- | 
deat arefutato jam atris equipondio cums digitis 29% Ar- 
genti vivi, ita ut nec plus nec minus faciat hoc elateriun in loco 
occluſo quam fit per illud equipondiumin loco gperto; manifeſtum 
eft, enum jam oftenſum ſit fititium plant efſe hnjuſmodz equipon- 
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dium, fiFitium quoqz eſſe tale elaterinm + This being no new 
Argument, but an Inference from thoſe he had ſet down in the 
former Chapter, by our Anſwers to them it is become needlef 
. for us to make any diſtin& Reply tothis. We ſhall rather defire - 
the Reader to take notice, that whereas our Author ſays that 
according to his Adverſaries, Nec plus nec minus faciat hoc El. 
terium in loco occluſo quam fit per illud /Equipondinm in loco aper. 
to; whatever others may have written, we for our partallow 
of this Opinion but in ſome Caſes ; for in others we have per. 
form'd much more by the Spring of the Air, which we can 
within certain limits increaſe at pleaſure, than can be perform'd 
by the bare weight, which for ought we know remains always 
ſomewhat near the ſame. And of this advantage .that the 
ſpring of the Air may have in point of force above the weight 
of it, we have formerly given an Inſtance in our 17. Experi- 
ment, (where, by compreſſing the Air in the Receiver, we im- 
pell'd the Mercarial Cylinder higher than the ſtation at which 
the counterpoiſe of the Air is wont to ſaſtain it) and hall 
hereafter have occaſion to give yet more conſiderable proofs, 
To the lately recited words our Examiner ſubjoyns theſe; 
| Adde, cum allata jam capite precedente experiments 
_— adhe ſtone digiti, &c. eodem modo ſe habent in loc 
clanſo ac in aperto, neceſſarium eſſe faFa ex eis argumenta contra 
£quipondium, eaderms quoqz contra elaterium vin habere. But 
though he propoſe this as a new Argument, yet fince 'tis built 
but upon the adheſion of the Finger (of which we have al- 
ready given an account in our ZZypotheſps) I ſee not how it 
requires any new and particular Anſwer. And whereas he 
ſays, that the Experiments he had mentioned concerning the 
adheſion of ones Finger, &c:::eoderm modo ſe habent_in loco clan- 
Jo ac ip aperto; 1 could wiſh he had added what way he took 
to make the Trials. For he gives no intimation that he did 
them any other ways than in ordinary rooms. And in ſuch 
there ſcarce ever wants a- communication: betwixt the inward 
and outward Air, either -at the Chimney, or Window, or 
Door not exa&tly ſhut, or. at ſome. hole or crevice or other, 


by 
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by means of which the weight of the Atmoſphere has its ope- 
ration within the room.” £Y, 

To his ſecond Argument our Author adds not a third, unleſs 
we take that for an Argument which he immediately annexes 
to his Jaſt recited words : Et profe@o (ſays he) [# ſecum . 
expenderent bi Authores, quanta it difficultas explicandi 
lnjuſmodi acris elaterium, niſt idem ater ſe ſolo occupet majorent 
locurm (ut paulo ante) credo' eos ſententiam facile mutaturos. 
But this being ſaid gra/zs, does not exat an Anſwer 3 and he 
muſt make it more intelligible than any man that I know of 
has yet done, how the fame Air can adequately fill more ſpace 
at one time than at another, before he perſwade me to change 
my opinion about the Spring of the Air: Eſpecially | 
-fince he himſelf allows that the Air has a Spring, Og 
whereby it is able, when it has been violently compreſs, to 
recover its due extenſion; the manner whereof if he will 
intelligibly explicate, his Adverſaries will have no great diff- 
culty to make out the ſpring of the Air. But- whether his 
Fiypotheſis, or ours, be the more intelligible, will be more 
properly conſidered in the ſecond part of our Diſcourſe, to 
which we will therefore now proceed. 
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The I. Part.: 


IWherein the Adverſaries Funicular Hypotheſis ;s 
4 : examin'd +8 | 


CHAP.I. 


I hat is alledged to prove tbe Funiculus i confider'd, and ſom: 
Dj fficulties are propos againſ# the Hypothelſtis. 


ſubſtitute in the place of ours, is, if I miſtake it net, 

briefly this; That the things we aſcribe to the weight 
or ſpring of the Air are really perform'd by neither, but by a 
certain Fxzicelus, or extremely thin fubſtance, provided in 
ſuch caſes by Nature, ne detur vacuum, which being exceeding. 
ly rarefied by a forciblediſtenſion, does _—_— ly and (tron 
endeavour to contra it felt into dimenſions more agreca 
to the nature of the diſtended body 3 and conſequently does 
violently attra&t all the bodies whereunto it 1s contiguous, if 
they be not too heavy to be remov'd by it. 

But this Hypotheſis of our Authors does to me, I confeh,, 
appear liable to ſuch Exceptions, that though I diflik'd that of 
his Adverſarics yet I ſhould not imbrace his, but rather wait 
till time and further Speculations or tryals ſhould ſuggeſt ſome 
other Theory, fitter to be acquieſc'd in than this; which ſeems 
to be partly precarious, partly uninte//igible, and partly inſuffi- 
cient, and beſides zeedleſs: though it will not be fo conveni- 
ent to prove each of theſe apart, becauſe divers of my Objedi- 
ons tend to provethe Dodrine, againſt which they are alledged, 
obnoxious to more than'one of the imputed ImperfeQions. 

Firſt, then, the Arguments by which our Author endea- 
vours to evince his Funiculus, are incompetent for that end. 


The 


T H E Z7potheſis that the Examiner would, as a better, 
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The Arguments which he propoſes in his ſixth Chapter, (where 
he undertakes to make good his Aſſertion) I there find to be 
three. as 
The firſt he ſets down in theſe words, Conſtat hoc prin ex 
jam dif is Capite precedente : nequit enim argentum deſ- 
cendens ſic digitum deorſum trahere, tuboq; affigere, niſt 
2 tali Funiculo ſuſpendatur, enmq; ſuo pondere vehementer exten- 
dat, ut per ſe patet. But to this proof anſwer has been made 
already in the former Part of this Diſcourſe: onely whereas 
the Author ſeems to refer us to the foregoing Chapter, we will 
look back to it, and take notice of what I find there againſt 
the Vacuiſts: For though I neither am bound, nor intend, in 
this Diſcourſe to declare my ſelf for, or againſt a Vacunm; yet 
fince I am now writing againſt the Fznicular Fypotheſts, it 
will much conduce to ſhew that it is not firmly grounded, if I 
examine what he here alledge; againſt the Aſſertors of a Vacunze. 
In the next place therefore I conſider that according to the 
Examiner, there can be no Vacunms and that he makes to be 
the main reaſon why: Nature in the Torrice/iar and our Experi- 
ments does a& after ſo extraordinary a manner, as is requiſite 
to the production of his Fxriculus. For in the 47th. Page, 
having in his Adverſaries name demanded what need there is at 
the deſcent of the Quickſilver, that before it falls a /z#perficies 
ſhould be ſeparated from it, andextended ; Reſporrdeo (layes he) 
#deo hoc fieri, ne detur vacuum 5 cum nihil alind ibi adſit quod 
loco argenti deſcendentis poſſit ſuccedere, To which he imme- 
diately ſubjoyns, (with what cogency I will not now examine) 
Atqz hinc plane confirmatur commune illud per tot jam elapſa ſecula 
uſurpatum in Scholis axioma, viz. Naturam 2 vacuo abhorrere. 
And though he feem to make his Funiculus the tmmediate cauſe 
of the Phenomena occurring in the Zorrice/ian and our Experi- 
ments: yet that, if you purſue the inquiry a little higher, he 
refolves them into Natures abhorrency of a Vacuum, himſelf 
plainly infores usin the next-pagez Nam licet (fayes he) 7mme- 
dratavatto cifiagua'v.g;'ex bydriahertnlana fſuperneclauſa Eg 
(quo exemplo utuntir a] 4” fit metis va nj, Fa 
ofay's | H h 2 


Page 24. 


ſed 


(20) 

ſed ea quant modo diximws, nempe quod non detur ſufficiens pou 
dus ad ſolvuendum illum nexum quo adhereat aqua clauſe hydrie 
ſummitatiz ad eam tamen rationem tandem neceſſario veniendum 
eff. But, though as well our Author's Funicu/zs, as the other 
ſcarce conceivable Hypotheſes that learned men have deviſed, to 
account for the ſuſpenſion of the Quickſilver otherwiſe than 
by the reſiſtance of the external Air, ſeem to have been exco. 
oitated onely to ſhun the neceſlity of admitting a Vacuum: yet 
I ſee not how our Examiner cogently proves, either that there 
can be none 7» rernm naturi, or that De faFo there is 
none produc in thee Experiments. For in his fifth Chap. 
ter (where he profeſledly undertakes that task) he has but 
theſe two incompetent Arguments, The firſt is drawn from the 
attraction, as he ſuppoſes, of the Finger into the deſerted cavi- 
ty of the Tube in the Torrice/ian Experiment: Que quiden 
(fayes he) tam vehemens tratio & adheſio, cum non 
ziſſ a reali aliquo corpore inter digitum & argentum 
conſtitutum queat provenire, manifeſium eſt ſpatium illud vacuum 
7101 eſſe, ſed veri aliqui ſubſtantia repletum. But to this Argy- 
ment having already given an Anſwer, let us (without ſtaying 
to urge, that the Vacuiſts will perhaps object, that they ſee 
not a Neceſlity, though they ſhould admit of TraQton in the 
caſe, that the. internal ſubſtance muſt therefore perfeRly re. 
pleniſh the deſerted Cavity ; without prefling this, I fay, let us) 
conſider his other, which he draws from the Diaphareity of the 
deſerted part of the Tube, which ſpace ( he fayes) wereit 
empty, would appear like a little black Pillar, Eo guod.ruls 
ſpecies viſuales neqz abeo neq; per illud poſſunt ad oculum pervenire. 
But (not to engage our ſelves in Qptical Speculations and Con- 
troverſies) if we grant him ſomewhat more than perhaps he 
can prove; yet as the Experiment will not demonſtrate that 
there 1s nothing of body in any part of the ſpace deſerted by the 
Mercury, ſo neither. will the Argument conclude (as the Pro- 
poſer of it does twice in this-Chipter ) That ſpace wer2 aliqn4. ſub 
ſtantia replerz, . For according'to the Hypotheſis of the Epicureans 
and other Atomilſts, who.make Light tobe acorporeal ——g 
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from lucid bodies, and to conſiſt of Atoms ſo minute, as freely 


|. to cet in at the narrow Pores of Glaſs, there will be no cauſe 


to deny interſpers'd Vacuities in the upper part of the Tube. 
For the Corpuſcles of Light that permeate that ſpace may be 
ſo numerous, as to leave no ſenſible part of it un-inlightned 3 
and yet may have ſo many little empty Intervals betwixt them, 
that, if all that 1s corporeal in the ſpace we ſpeak of were unt- 
ted into one lump, it would not perhaps adequately fill the 
one half (not to ſay the tenth, or even the hundredth part) of 
the whole ſpace: According to what we have noted in the 17. 
Experiment, that a Room my appear full of the ſmoke of a 
Perfume, though if all the Corpulſcles that compoſe that ſmoke 
were re-united, they would again make up but a ſmall Paſtil. 
To which purpoſe I remember I have taken Camphire, of which 
a little will fill a Room with its odour, and having in well- 
clos'd diſtillatory Glaſlcs caught the Fumes driven over by heat, 
[ thereby reduc'd them to re-conjoyn into true Camphire, whoſe 
bulk is very inconfiderable in compariſon of the ſpace it fills 
as to ſenſe, when the odorous Corpulcles are ſcattered through 
the free Air. 

To which I might adde, that the Torrice/ja» Experiment 
being made in a dark night, or in a Room perfeQly darkn'd; 
if it ſucceed (as thereislittle cauſe to ſuſped it will not) it may 
well be doubted whether our Authors Argument will there take 
place. For if he endeavour to prove that the place in queſtion 
was full in the dark, becauſe upon theletting in of the Day, or 
the bringing in of a Candle, the light appears within itz the 
Vacuiſtsmay reply according to their Hypotheſps, That tha light 
1s anew one, flowing from the lucid body that dartsits corporeal 
beams quite throughthe Glaſs and Space we diſputeabout, which 
for want of ſuch Corpuſcles were not juſt before viſible. 

And ſuppoſing light not tobe made by a trajeftion of Atoms 
through Diaphanous bodies, but a propagation of the impulle 
bf lacid bodies through them ; yer it will not thence neceſla- 
rily follow, that thedeſerted part of the Tube muſt be full: As 
m our 27. Experiment (though many. of thoſe grofs Aerial 

Hh 3 Particles: 
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Particles that appear'd neceſſary to convey a languid foung 
weredrawn out of our Receiver at the firſt and ſecond Exfuion, 
yet there remain'd ſo many of the like Corpuſcles, that thok 
that were wanting were not miſs'd by the ſenſe, though after. 
wards, when a far greater number was drawn out, they were) 
ſo there may be matter enough remaining to tranſmit the im- 
pulſe of light; though betwixt the Particles of that matter there 
{hould be ſtore of vacuities intercepted. Whereas our Author 
pretends to prove, not onely that there is no coacervate Vacuity 
inthe ſpace fo often mention'd, but abſolutely that there is xoxe, 
For 'tis in this laſt ſenſe, as well as the other, that the School 
and our Author, who defends their Opinion, deny a :canx:. 

But notwithſtanding what we have now diſcours'd, as inour 
17. Experiment we declind determining whether there bea 
Vacuum or no; ſo now what we have ſaid to the -Examiners 
Argument, has not been to declare our whote ſenſe of the Con. 
troverſie, but onely to ſhew, that though his Z7ypotheſes ſup- 
poſes there is no Vacuum, yet his Arguments do not fufficiently 
prove it: which may help to ſhew his Dodrine to be precart- 
ous; for otherwiſe the Carteſars, though Pleniſts, may plau- 
ſibly enough (whether truly or no I now difpute not) decline 
the neceſlity of admitting a Vacuum in the deſerted ſpaceof the 
Tube, by ſuppoſing it filfd with their ſecond and firſt Element, 
whoſe Particles they imagine to be minute enough freely to 
paſs inand out through the Pores of Glaſs. But then they muſt 
allow the preſſure of the outward Air to be the cauſe of the 
ſuſpenſion of the Quickſilver: for though the ateria celeſtis 
may readily fill the ſpaces the Mercxry deſerts yet that within 
the Tube cannot hinder ſo ponderous a liquor from ſubſiding 
as low as thereſtagnant Mercary ; fince all the parts of the Tube, 
as well the lowermoſt as the uppermoſt, being pervious tothat 
ſubtile matter, it may with like facility ſucceed in whatever 
part of the Tube ſhall be forſaken by the Quickſilver. 

The Examiners ſecond-Argument,in the ſame place is, That 
fince the Mercurial Cylinder is not ſuſtained 'by the outward 
Air .jt muſt neceſlarily be, that it be kept ſuſpended by his 
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internal ſtring. But ſince for the proof of this heis content to 
refer us to the third Chapterz our having already examin'd 
that, allows us to proceed to his third Argument, which is, 
That the Mercurzal Cylinder, reſting in its wonted ſtation, does 
not gravitate: as may appear by applying the Finger to the im- 
mersd or lower Orifice of the Tube. Whence he infers, that 
| jt muſt of neceſſity be ſuſpended from within the Tube. And 
indeed if you dexterouſly apply your Finger to the open end 
of the Tube, when you have almoſt, but not quite, lifted it 
| out of the reſtagnant Mercrry, (which circumſtance muſt not 
| - benegleed, though our Author have omitted it) that ſo you 
may ſhut up no more Quickſilver than the Mercarial Cylinder 
is wont to conſiſt of, you will find the Experiment to ſucceed 
well enough: (Which makes me ſomewhat wonder to find it 
afirm'd, that the learned Mazgnar denies it) not but that you 
will feel upon your Finger a' gravitation or preſſure of the 
| Glaſs-Tube, and the contained Mercxry as of one body ; but 
{ that you will not feel any ſenſible preflure of the Mercury a- 
| part, asif it endeavoured to thruſt away your Finger from the 
Tube. But the reaſon of this is not hard to give in our Z7y- 
| potheſis 3 for according to that, the Mercurial Cylinder and the 
| Air counterpoiſing one another, the Finger ſuſtains not any 
| ſenfibly-differing preſſure from the ambient Air that preſſes a- 
| gainſt the Nail and fides of ir, and from the included Quick- 
| filver that preſſes againſt the Pulp. But if the Mercarial Cy- 
| finder ſhould exceed the uſual length, then the Finger would 
feel ſome preſſure from that furpluſage of Quickſilver, which 
the Air does not affiſt the Finger to ſuſtain, So that this plea- 
ſant Phenomenon may be as well folv'd in our Hypotheſes, as in 
the Examiners: in which if we had time to clear an ObjeCtion, 
which we fore-ſee might be made, but might be anſwer'd too, 
we would demand why, when the Mercxry included -in the 
Tube is but of a due altitude, it ſhould run out upon the re- 
moval of the Finger that ſtops it beneath, in caſe it be ſuſtain'd 
onely by the internal Fxzicrlzs, and do, according to his 
Dodrine; when the Furiculus ſuſtains it, emulate a ſolid _— 


( 24) 
if the preſſure of the external Air has not (as our Authoy 
teaches it not to have) any thing to do in this matter. 

And if ſome inquiſitive perſon ſhall here objet, That cer. 
tainly the Finger 'muſt fee] much pain by being ſqueez'd be. 
twixt two ſuch preſſures, asthat of a Pillar of thirty Inches of 
Quickſilver on the one fide, and an equivalent preſſure from 
the Atmoſpherical Pillar on the other, it may readily be re. 
preſented, that in fluid bodies (ſuch as are thoſe concern in 
our Difficulty) a ſolid body has no ſuch ſenſe of preſſure fron 
the ambient bodies as (unleſs Experience had otherwiſe in. 
ſtructed us) we ſhould perhaps imagine. For, not to mention 
that. having inquired of a famous Diver, whether he found 
himſelf ſenfibly compreſſed by the Water at the bottom of the 
Sea; he agreed withtke generality of Divers in the-Negative: 
I aminform'd that the learned Maignar did purpoſely try, that 
his hand being thruſt three or four Palmes deep into Quickſilver, 
bis fingers were not ſenſible, either of any weight from the in- 
cumbent, or of any preſſure from the ambient, Quickſilver, 
Thereafon of which (whether that inquiſitive man have given 
it or no) is not neceſſary in our preſent Controvetſie to be 
lookt after. _ 

To theſe three Arguments the Examiner addes not a fourth, 
unleſs he deſign to preſent it usinthis concluding paſſage: Hy: 
etiam faciunt inſignes librationes quibus argentum ſubita 
deſcendens agitatur « Idem enim hic fit quod in aliis Pen- 
dulis &-ab alto demilſis fieri ſolet. But of this Phenomenon allo 
tis eaſie to give an account in our Hypotheſis by two ſeveral 
wayesz whereof the Firſ# (which is proper chiefly when the 
Experiment is made in a cloſe place, as our Receiver) is, That 
the Quickſilver by its ſuddendeſcent acquires an 7-xpetw# ſuper- 
added to the preſſure it has upon the ſcore of its wonted gra- 
vityz whereby it fora while falls below its ſtation, and thereby 
compreſſes the Air that leans upon the reſtagnant Mercary, 
Which Air by its own Spring again forcibly dilating it ſelf to F 
recover its former extenſion, and (as is uſual in Springs) haſtily Þ 
flying open, expands it ſelf beyond it, and thereby impells up ; 
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the Quickſilver ſomewhat above its wonted ſtation, in its fall 
from whenceit again acquires ſomewhat (though not ſomuch as 
before) of 7-ypetus or power, to force the Corpulcles of the Air 
to a Sub-ingreſſion; and this reciprocation of preſture betwixt 
the Quickſilverand the outward Air decreaſing by degrees, tlges 
at length wholly ceaſe, when the Mercury has loſt that: ſupgr- 
added preſſure, which it acquiredby. its :falling from parts: of 
the Tube higher than its due ſtation. ' But this f-/# way of Ex- 
plicating theſe Vibrations is' not neceffary inthe free Air : For: 
we conſider the ambient Air onely asa weight, and remem- 
berwhat we have newly ſaid of the zzwpetzsacquird by deſcent; 
this Ph2nomenon may beeafily enough explaind, by taking no- 
tice ofwhat happens in a Balance, when one of the equiponde 
rant Scales chancing to be depreſsd,' they do not till after. 
many Vibrations ſettle 77 £quzlibrio. 
'And on this occaſion I ſhall adde this Experiment: I took a 


Glaſs Pipe, whoſe two legs (very unequal in length) were par- 


allel enough, and both perpendicular to that part of the Pipe 
that conneQed them; (ſuch a Syphor is deſcrib'd in our 36. Ex- 
periment, to find the proportion of the gravity of Mercury and 
Water). into this Quickſilver was pour'd till *ewas ſome Inches 
high, and equally _ in both legs: then the Pipe being inclin'd 
till the moſt patt of the Quickſilver was fallen into one of the 
legs, :I ſtopt the Orifice of the other leg with my Finger, and e- 
reQing again the Pipe, though the Quickſilver were forc'd to 
aſcend a little in that ſtopt leg; yet by reaſon my Finger kept 
the Air fromgetting away; the Quickfilver was kept lower by a 
good dealin that ſtopt leg than in the other;: but if by ſuddenly. 
removing my Finger I gave paſlage to the included and ſome- 
what compreſt Air, the preponderant Quickſilver in the other 
leg would with the Mercury in this unſtopt leg, make divers un- 
dulations before that liquor did-in both legs come to reſt in an 
equilibrium. Of which the:Reaſon may beeafily deduc'd from 
what has been newly deliver'd; and yet in this caſe there is no 
pretence tobe made of a Fxnicalns of violently diſtended Air tq 
effet the Vibrations of the Mercury. | 
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A _——_— 0 
Dzvers other Difficulties are objeFed againſt the 
Funicular Hypotheſis | 


"Hirdly, But though our Examiner have not ſufficiently 
© | proved his Hypotheſis, yet perhaps it may; be inits own 
nature ſo-like to be true, as to deſerve to be imbrac'd as fuch, 
Wherefore we will now take notice of ſome of thoſe man 
things that to our apprehenſion renderit very tmprobable.' 
And firſt, whereas our Author acknowledges that Quickfil. 
ver, Water, Wine, and other Liquors, will, as well one as ano- 
ther, deſcend in Tubes exaQly fealed at the top, in- caſe the 
Cylinder of liquor exceed the weight of a Mercurial Cylinder 
of 294. Inches z and will ſubſide no longer than till it is come 
to equiponderate a Cylinder of Quickfilver of that .height; 
whereas, I ſay, the Examiner-is by the ingenious Monſieur 
Paſchall's, and - other. Experiments, induc'd to admit this; it 
cannot but feem ſtrange that, whatever the liquor be, there 
ſhould be juſt the fame weight or ſtrength to extend them into 
a Funiculm: though Water, for inſtance, and Quickſilver be 
near fourteen times as heavy one as the other, and be otherwiſe 
of very diſtant natures ; and though divers other liquors, a 
Oyle and Water, be likewiſe of Textures very differing. And 
this may ſomewhat the more be wondred at, becauſe our Ay- 
thor (in his Animadverſions upon our 31. Experiment) is 
pleaſed to make ſogreat a difference betwixt the diſpoſition of 
bodies of various confiſtences, 'as fluid and firm, tobe exteny- 
ated intoa Fzniculws, that he will not allow any humane force 
to be able to produce one; by the divulfion of two flat Marbles, 
| In caſe the conta@ of their Surfaces were ſo exquiſite as quite 
toexclude all Air; though in the ſame place his Ratiocination 
plainly enough teaches (which Experience however docs) that 
adhering Marbles, though with dxtraordinary. difficulty, may 
be forcibly ſever'd, and according to him the ſuperficial parts 
may be diſtended intoa Fariculws, that prevents a Vacuum. 
But now the Z7ypotheſir of his Adverſaries is not at all in- 
cum- 
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cumbred with this difficulty, For the weight of the outward 
Air being that which keeps liquors ſuſpended in Tubes ſealed 
at the top; it matters not of what nature or texture the ſu- 
ſpended liquor 1s, | mea its weight be the ſame with that of 
2 Mercurial Cylinder equiponderant to the Aerial one: As 
if there be a pound of Lead in one Scale, it will not deſtroy 
the equilibrium, whether what be put in the other be Gol4, 
or Quickſilver, or Wooll, or Feathers, provided its weight be 
juſt a pound. 

In the next place we may take notice, That the account our 
Examiner gives us of his Furiculzs in the tenth Chapter, 
(where he takes upon him to Explicate it) is much more ſtrange 
than ſatisfactory, and not made out by any ſuch parallel ope- 
rations of Nature, as his Adverfaries will not (and may not 
well do it) diſpute the truth of Whereas the weight and 
Spring of the Air may be inferr'd from ſuch unqueſtion'd Ex- 
periments as are nor concern'd in our preſent Controvetfie. 
For the gravity of the Air may be manifeſted by a pair of Scales, 
and the Spring of it diſcloſes it ſelf ſoclearly in wind-guns and 
other Inſtruments, that our Adverſary (as we have already 
had occafionto inculcate_) does not deny it. But to conſider 
his explication of his Fz:icz/#2, he would have us note two 
things: Fuſt, Argentare dum replet totum tubum, non 
mere tangere ejus ſummitatem (ut primo aſpeFu videtur ) 

ſed eidem quog; firmiter adherere. Patet hoc ({ubjoynshe) ex- 
perimentoillo in primo argumento capitis tertii de tubo utring; aper- 
fo. But what is to be anſwer'd to this proofmay be ealily ga- 
thered from what we have replyed to that Argument. And 
to what our Author addes to prove, That the adheſion of the 
Finger is to the ſubjacent Mercxry, not to the Tube; namely, 
That Licet z/ud twubi orificinm oleo, aliave materil ad- 
heſtonem impediente, inungatur, non minus tamen fir- 
miter adherebit. digitus quam privsz an Anſwer may be drawn 
from the ſame place: nor perhaps will his-reaſoning much .ſa- 
tisfie thoſe who:confider that bodies by truſfian may eabily e- 
nough 'be made-ſtick together; as much as in our caſe the _ 
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and Finger do, notwithſtanding one of them isanoynted with 
Oyle, and that this adheſion of the Finger to the Tube is tg 
be met with in caſes where the Surface of the included Quick. 
filver is not contiguous to the Finger, but many Inches beloy, 
As for what he addes concerning the reaſon why Water ang 
Quickſilver aſcend by ſuftion, we have already taught what js 
to be anſwered toit, by aſcribing that aſcenſion to the preſſure 
ofthe external Air: without any need of havingrecourſeto a F. 
2iculus; orimaginingwith him inthis place, That becauſe nothing 
beſides the Water or Quickſilver can inſuch cafesſucceed the Air, 
(which yet is not eafje to be prov'd in reference toa thin the. 

real ſubſtance) therefore, Partes ipſes atris (to uſe 
Pag- 4% his expreſſion ) ſic tubo incluſe (que alias tam facile 
ſeparantur.) wunc tam fortiter ſibi invicem agglutinentur, ut va 
tidiſſimanm (uti videmus) conficiunt catenam, qua non: ſolum. a- 
qua, ſed ponderoſumillud argentum ſic in altum trahatur. Which 
way of wreathing a little rarefied Air into fo ſtrong a rope, how 
probable it is, I will for a while leave the Reader to judge, and 
advance toour Author's ſecond Notandum, which he thus pro: 

oles : 

: RarefaFionem ſive extenſionem corporis ad -occupan- 
Fage 4% 41* dum majorent locum fieri non ſolo calore, ſed etiam dif 
\ fenſlone ſeu vi divulſiulc ſicut & contra condenſatio non ſolo fri 
gore perficitur, ſedetiantcompreſſione, uti innumera paſſam docent 
exempla., And 'tis true and obvious, that the condenſation of 
bodies, taking that word in a large ſenſe, may be made as well 
by compreſlion as cold. Burt I wiſh he had more clearly expreſt 
what he means in this place by that Rarefaction, which he 
ſayes is to be made by diſtenſion, or a vis divulſfva, whereof 
he tells us there are innumerable inſtances. For, as far as may 
be gathered fromthe three Examples he fubjoyns, 's onely the 
Air that is capable of being ſo extended as his Z7ypotheſps re- 
quires Quickfilver and even Stones muſt be. And I know not 
how it will be proved, that evenAir may. be'thus extended fo 
far, as inthe Magdeburg Experiment, to fill-a-place more than 
two-thouſand times as big as that it fill'd before, For. _—_— 
ame 
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ſame Air in this and his two foregoing Inſtances does adequa- 
tely fill more ſpace at one time than another, he proves but by 
the.ruſhing in of water into the evacuated Glaſs, and filling it 
within a little quite full, which he fayes, 1s done by the dif- 
tended Air that contracting it ſelf draws up the water with it, 
Which Explication how much leſs likely it is, than that the 
water is in ſuch caſes impell'd up by the preſſure of the At- 
moſphere, we ſhall anon (when we come to diſcuſs his way of 
Rarefa&tion and condenſation) have occaſion to examine. In 
the mean time let us conſider with him the Explication which, 
after having promis'd the two above recited Obſervations, he 
gives us of his Funiculus; Cum per primum Notandun 
argentum ita adhereat tubi vertici, & per ſecundum, ra- 
refaTio fiat per meram corporis diſtenſtonem, ita rem ſe habere, ut 
argentum deſcendens 4 vertice tubi affixam eirelinquat ſuperficien 
ſnam extiman ſive ſupremam, eamg; eonſqz ſno pondere extendat 
extennetque, donec facilins ſit aliam ſuperficiem ſumiliter relinquere 
quam priorem illam ulterins extendere: Secundam igitur relin- 
quit, eamgz eodem modo deſcendendo extendit, donec facilius ſit 
tertiam adhuc ſeparari quam illam ſecundam extendere ulterins : 
&» ſic deinceps, donec tandem vires amplins non habeat ſuperficies 
fic ſeparandi e&& extendendi; nempe donec perveniat ad altitudinem 
digitorum duntaxat 29%. ubi quieſcit, ut capite primo didnm of 
Thus far our Examiners Explication : By which 'tis eafie to diſ- 
cern, thathe is fain toaſlign his Funiculxs a way of being pro- 
ducd ſtrange and unparallel'd enough. For, not to repeat 
our Animadverſions upon the fit{t.of the two Notardum's, on 
which the Explication is: grounded, I muſt demand. by what 
force, upon the bare ſeparation of the Quickſilver and the top 
of the Tube, the new body he mentions comes to be.-produc'd ; 
or at leaſt how it appears that the Mercary leaves any ſuch thing 
as he ſpeaks of behind it. For the ſenſe perceives no ſuch mat- 
ter.at the top of the Tube, nor is it neceſſary to explicate the - 
Phenomena as wehave formerly ſeen. It may alſobe marvell'd 
at, that the bare weight of the deſcending Mercury ſhould be : 
able ta extend a Surface into a Body. . And beſides, it ſeems . 
= pre-- 
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precariouſly affirm'd, that there is ſuch a ſucceſlive leaving he. 
hind of one Surface after another as is here imagin'd : Nordoes 
it atall appear how, though ſome ofthe Quickſilver were turn'd 
into a thin ſubtile ſubſtance, yet that ſubſtance comes to be 
contrivd into a Frriculus of fo ſtrange a nature, that ſearce 
any weight (for ought appears by his Doctrine) can be abletg 
break it; that contrary toallother {tringsit may be ſtretched with. 
_ out beingmade more ſlender; andthat it has other very oddepro- 
periies, ſome of which we ſhall anon have occaſion to mention, 
As for what our Author ſubjoyns in theſe words, Eodem itag; 
n fere modo ſeparari videntur he ſuperficies ab argentq 
"*& +44 deſcendente, &* in tenniſſumum quendam funiculun 
per deſcendens pondw extendi, quo per caloremin accenſa candela 
Separantur hujuſmodi ſuperficies a ſubje@a cera ant ſevo, Ein ſub- 
tili/umam flamman extennantur. Obi notatu dignum, quemad. 
modum flamma illapluſqnam RM dubio majus ſpatinm occn- 
pat, quam antes occupaverat pars illa cere ex qua conficitnrs ita 
prorſms & hic exiſtimandum Funiculum ilium pluſqnam millies 
majus ſpatinm occupare quam prims occupaverat ilia argenti parti- 
cula ex qua ſit exortus : Oti etiam ſine dubio contingit, quand 
talis particula 2 ſubjeFo igne in vaporem convertitur. _ 
itbe theonely Example whereby he endeavours to illuſtrate the 
generation of his Fxniculas, yet (I preſume) he ſcarce expetts 
we ſhonld think it an appoſite one, For beſides that there here 
intervenes a conſpicuous and powerful Agent, namely, an ac- 
tual Fire to ſever and agitate the parts of the Candle; and be- 
fidesthat there is amanifeſt waſting ofthe Wax or Tallow turnd 
into flame; beſides theſe things, I ſay, we muſt not admit 
that the Fuel when turn'd into a flame does really fill (1 fay, 
not, with our Author) more than a thouſand times, but fo 
much as twice more of genuine ſpace than the Wax 'twas made 
of. For it may be Gd that the flame is little or nothing elſe 
than an aggregate of thoſe Corpuſcles which before lay upon 
the upper ſuperficies of the Candle, and by the violent heat 
were divided into minuter particles, vehemently agitated and 
brought from lying as it were upon a flat to beat off one _ 
ther 
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ther, and make up about the Wiek ſuch a figure as is uſual in the 
flame of Candles burning in the free Air. Nor will it necef- 
farily follow, that the ſpace which the flame ſeems to take up 
ſhould contain neither Air nor /Ether, nor any thing elſe, fave 
the parts of that flame, becauſe the eye cannot diſcern any o- 
ther body there : For even the ſmoke aſcending from the ſnuff 
of a newly-extinguiſh'd Candle appearsa dark pillar, which to 
the eye at ſome diſtance ſeems to conſiſt of ſmoke; when as 
yet there are ſo many Aerial and other invifible Corpuſcles 
mingled with it, as if all thofe parts of ſmoke that make a great 
ſhow in the Air were collected and contiguous, they would not 
perhaps amount to the bigneſs of a Pins head, as may appear by 
the great quantity of ſtreams that in Chymical Veſlels are wont 
to goto-the making up of one drop of Spirit. And therefore it 
does not ill fall out for our turn, that the Examiner, to inforce 
his former Example, alledges the turning of a particle of Qnick- 
filver into vapour, by putting fire under it: for if ſuch be the 
Rarefacion of Mercury, 'tis not atall like to make ſuch a Fxn;- 
culzs as he talks of, fince thoſe Mercurial Fumesappear by divers 
Experiments to be Mercarydivided and thrown abroad into mi- 
nute parts, whereby though the body obtain moreofSurface than 
it had before, yetit really fills no moreof trueand genuine fpace, 
fince if all the particular little ſpaces filld by theſe ſcatter'd 
Corpuſcles werereduc'd intoone, (asthe Corpuſcles themſelves 
often are in Chymical Operations) they would amount but to 
one total ſpace, equal to that of the whole Mercary before ra- 
refation. But theſe ObjeQtons againſt this Explication are not 
all that I have to ſay againſt our Adverfaries Fanicatus it ſelf. 
Forl farther demand how the Ficalus comes by ſuch hooks 
or graple-trons, or parts of the like ſhape, to take faſt hold of 
all contiguous bodies, and even the ſmootheſt, ſuch as Glaſs, 
and the calm ſarface of Quickſilver, Water, Oyle, and other 
fluids: And how theſe ſlender and inviſible hooks cannot onely 
n the terſeſt bodies find an innumerable: company of ears. or 
loops to take hold on, but hold fo ſtrongly that they are able 
not alone ta lift up a tall Cylinder of that very ponderous = 
tal 


(32) 
tal of Quick-filver, but to draw inwards the ſides of 
{ſtrong Glaſles ſo forcibly, as to break them all to pieces, 
And 'tis alſo ſomewhat ſtrange, that Water and other 
fluid bodies (whoſe parts are wont to be 1o eaſily ſepar. 
able) ſhould, when the Fxniculus once layes hold on the 
ſuperficial Corpuſcles, preſently emulate the nature of confiC: 
tent bodies, and be drawn up like Maſles each of them of 
an intire piece; though even in the exhauſted Recelvey they 
appear by their undulation (when they are ſtird by Bubble 
that paſs freely through them) and many other ſigns to con- 
tinue fluid bodies. | 
It ſeems alſo very difficult to conceive how this extenuated 
ſubſtance ſhould require ſo ſtrong a ſpring inward as the Ex- 
aminer all along his books aſcribes to it. Nor will it ſerve his 
turn to require of us in exchange an Explication of the Airs 
ſpring outward, fince he acknowledges, as well as we, thatit 
has ſuch a ſpring. I know, that by calling this extenuated 
ſubſtance a Fxniculus, he ſeems plainly to intimate that it has 
its ſpring inward, upon the ſameaccount that Lute-ſtrings and 
Ropes forcibly ſtretch'd have theirs. But there is no ſmall dif 
parity betwixt them: for whereas in ſtrings there is requird 
either wreathing, or ſome peculiar and artificial texture of 
the component parts a rarefation of Air; (were-it granted) 
does not include or infer any ſuch contrivance of parts as is re- 
quiſite to make bodies Elaſtical. And if the Cartefiar Notion 
of the cauſe of Springineſs be admitted, then our extenuated 
ſubſtance having no Pores to be pervaded by 'the- wateria jub- 
zilis (to which beſides our Author alſo makes Glaſs impervi- 
ous). will be deſtitute. of Springineſlss And: however, fince 
Lute-ſtrings, Ropes, &c. muſt, when they ſhrink ihwards, 
either fill up or leſſen their Pores, and increaſe in thickneſs as 
they diminiſh in length; our Examiners Fxrziculs mult differ 
very much fromithein, ſince it hasno Poresto receivethe ſhrink- 
ing _ parts, and contraGts it ſelf as:to length, without increafing 
its thickneſs. Nor can it well be pretended that this ſelf con- 
tration is done ob fugam vacni, fince though it ſhould _—_ 
made 
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made, aVacunmiwould not enſue. And if it be faid thatit is made 
that the preternaturally ſtretch'd Body might reſtore it ſelf to 
its natural dimenſions: I anſwer, That I am not very forward 
to allow aQing for ends to Bodies inanimate, and conſequent- 
ly devoid of knowledge; and therefore ſhould gladly ſee 
ſome unqueſtionable Examples produc'd of Operations of that 
nature. And however to: me, who in Phyſical enquiries of 
this nature look for efficient rather than final cauſes, 'tis not eafte 
' to conceive how Air by being expanded (in which caſe its force 
(like that of other rarefi'd Bodies) {cems principally to tend 
outwards, as we fee in fired Gun-powder, 1n Eolipiles, in 
warm'd Weather-glaſles, ec.) ſhould-acquire fo prodigious a 
force. of moving contiguous Bodies inwards. - Nor does it to 
me ſeem very probable, that, when for inſtance part of a po- 
Jliſh'd Marble 15 extended into a Fxniculas, that Faniculus does 
ſo ſtrongly aſpire to turn into Marble again. I might likewiſe 
wiſh our Author had more clearly explicated, how it comes to 
paſs (which be all along takes for granted) that the acceſs 
of the outward Air does fo much and ſo ſuddenly relax the ten- 
fion of his Fanicalas; ſince that being (according to him) a real 
and Poreleſs body, 'tis not ſo obvious how the preſence of ano- 


' thercan(ſoeafily and to ſoſtrange a degree make it ſhrink, But I 


will rather obſerve, that 'tis very unlikely that the ſpace which 
our Adverſary would have repleniſh'd with his Fzricular ſub- 
ſtance, ſhonld befull of little highly-ſtretcht ſtrings, that lay faſt 
hold of the ſurfaces of all contiguous Bodies, and always vio- 
lently endeavour to pull them inwards. For we have related in 
our 26. Experiment, that a Pexdulum being ſet a moving in our 
exhauſted Receiver, did ſwing to and fro as freely, and with the 
ſtring ſtretch'd as ſtreight, as for ought we could perceive it 
would have done in the common Air. Nay, the Balance of a 
Watch did there move freely and nimbly to and fro; which 'cis 
hard to conceive thoſe Bodies could do, if they were to break 
through a medium conſiſting of innumerable exceedingly-ſtret- 
ched (trings. On which occaſion we might add, that *tis ſome- 
what ſtrange that theſe ſtrings, thus cut _ broken by the paſſage 
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of theſe bodies through them, .could ſo readily have their parts 
re-united, and without any more ado be made intire again, 
And we might alſo take notice of this as another ſtrange pe. 
culiarity in our Authors Funiculus, That in this caſe the-two 
divided parts of each ſmall ſtring that is broken do not, like 
thoſe of other broken ſtrings, ſhrink and fly back from one ano« 
ther; bur(as we juſt now ſaid) immediately redintegrate them: 
ſelves> Whereas, when in the Torrite/ian Experiment the Fube 
and contain'd Mercury is ſuddenly lifted up out of the reſtagnant 
Quickfilver into the Air, the Funicu/#s does fo ſtrangely cons 
tract it ſe]f; that it quite vaniſhes; inſomueh that the aſcendi 

Mercury may tiſe'to the'very top of the Tube. Theſe, t fay, 
and divers other difficulties might on this occaſion be infifted 
on; but that, ſuppoſing our ſelves to have mentioned enough 
of them for once, we think itnow more ſeaſonable to proceed 
to the remaining part of our Diſcourſe. = 


* CHAP. II. | 
The Ariſtotelean RarefaQtion (propoſed by the Adver- 


ſary) examir'd. 


Ur this is not all that renders the Examiner's Hypotheſis im- 
probable: For, beſides thoſe already mentioned particulars, 
upon whoſe ſore it is very difficult to be underſtood; it necef 
farily ſuppoſes ſuch a Rarefa&tion and Condenſation, as is, [ 
confeſs, to me, as well as to many other conſidering perſons, 

unintelligible. | 
: For the better diſcernment of the force of this Obje&ion we 
muſt briefly premiſe,” That -a Body is commonly ſaid to: be 
rarefi'd or dilated, - (for I take the word in'a larger ſenfe than, 
F know, ' many others do, for a reaſon that will quickly ap: 
pear) when it acquires greater-dimenſions than the ſame Bo- 
dy had before; and to be condensd, when it is reduc into 
tef dimenſions, that is, intoa leffer ſpace than it contain'd be- 
fore: (as when adry Spunge being firft dipp in water (wells 
to a far greater bulk, and then being ſtrongly ſqueez'd and 
held compreſled, is not only reduced into leſs room than = = 
| efore 
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before it was ſqueered, but into lefs than it had even before 
it was wetted.) And { muſt further premiſe, That Rarefaction 
 (asalſo Condenſation) being amongſt the moſt obvious Phe- 
zomena of Nature, there are three (and for ought we know 
but three) ways of explicating it: For, either we muſt ſay 
with the Atomiſts and Vacuiſts, that the Corpuſcles whereof 
the rarefied Body conſiſts do fo depart from each other, that 
no other ſubſtance comes in between them to fill up the de- 
ſerted ſpaces that came to be left betwixt the incontiguous 
Corpuſcles; or elſe we muſt ſay with divers of the ancient 
Philofophers, and many of the Moderns, eſpecially the Car- 
teſizns, that theſe new Intervals produced betwixt the Parti- 
cles of the rarefied Body are but dilated Pores, repleniſhed, 
in like manner as thoſe of the tumid Spunge are by the imbi+ 
bed water, by ſome ſubtile Arhereal ſubſtance, that infinu-» 
ates it ſelf betwixt the disjoyned Particles : Or, laſtly, we 
muſt imagine with Ari/tot/e and moſt of his followers, that 
| the ſelf-ſame Body does not only obtazx a greater ſpace in Ra- 

 refaQtion, and a lefler in Condenſation, but adequately and 
exatly fil zt, and ſo when rarefied acquires larger dimenſions 
without either leaving any vacuities. betwixt .1ts component 

Corpuſcles, or admitting between them any new or extrane- 

ous ſubſtance whatſoever. | ; 

Now 'tisto this laſt (and, as fome call it, rigorous ) way of Ra- 
refaction that our Adverſary has recourſe in his Zypotheſts - 
Though this, I confeſs, appear to me ſo difficult to be concei- 
ved, that I make a doubt whether any Phenomenon can be 
explained by it 3 ſince to explain a thing is to deduce it from 
ſomething or other in Nature more known than it ſelf. 

He that would meet with full Diſcuſſions of this Ar:ſtotelear 
RarefaCtion, may reſort to the learned writings of Gafſendus, 
Carteſins and Maignar, who have accuſed it of divers great ab- 
ſurdities: But'for my part, I ſhall at preſent content my ſelf-to 
make uſe to my purpoſe of ' two or three paſlages that. I meet 
with (though not together) :in'our Author himſelf. 

Let us then ſuppoſe, that in-the a”. P%, Experiment he 
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fo often (though think cauſleſly —_— urges to prove his 
Hypotheſis 3 let us (Iſay) for eafier conſiderations fake ſuppoſe, 

that the undilated Air, which (as he tells us) poſleſſd 
Fag- 42: about half an inch of ſpace, conſiſted of a hundred Cor. 
puſcles, or (if that name be in this caſe diſliked) a hundred 
parts; (for it mattersnot what number we pitchupon) and 'twill 
not be denied, but that asthe whole parcel of Air, or the Aggre. 
gate of this hundred Corpulſcles, is adequate to the whole ſpace 
it fills, ſo each of the hundred parts, that make it up, is likewiſe 
adequately commenſurate to its peculiar ſpace, which we here 
ſuppoſe to be a hundredth part of the whole ſpace. This premi- 
ſed, our Author having elſewhere this paſſage, Corpore 
occupante locum verbi gratia duplo majorem, neceſſe eſt ut 
grelibet ejus pars locum quogz duplo majorem occupet 5 prompts 
us to ſubjoyn, that inthe whole capacity of the Globe (which 
according to him was two thouſand times as great as the room 
poſlceiſed by the uncxpanded Air) there muſt likewiſe be two 
hundred thouſand parts of ſpace commenſurate each of them to 
oneof the fore-mentioned hundredth parts of Air 3 and confe- 
quently, when he affirmsthat that halt Inch of Air poſlefled the 
whole cavity of the Globe, if we will not admit (as he does not) 
either Vacuities or ſome intervening ſubtile ſubſtance in the 
Interval of the Aerial parts, he muſt give us leave to conclude, 
that each part of Air does adequately fill two thouſand parts 
of ſpace. Now that this ſhould be reſolutely taught to be not 
only zaturally poſſible, ( tor we diſpute not here of what the 
Divine Omnipotence car do) but to be really -and regularly 
done in this Magdeburg Experiment, will queſtionleſs appear 
very abſurd to the Cartefians and thoſe other Philoſophers, who 
take Extenſion to be but notionally different from Body, and 
conſequently impoſlible to be acquir'd or loſt without the ad- 
dition or detraGtion of Matter; and will, I doubt not, appear 
ſtrange to thoſe other Readers, who conlider how generally 
Naturaliſts have looked upon Extenſion as inſeparable, and as 
immediately flowing from matters and upon-Bodies, as having 
neceſfary relation toa commenſurate ſpace. -Nor do 1 ſee, if one 
portion 
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portion of Air may fo eaſily be brought exaRtly tofilt up a ſpace 
two thouſand times as big as that which it did bt fill before 
without the addition of any new ſubſtance; I ſee not (1 ſay) 
why the matter contained in every of theſetwo thouſand parts 
of ſpace may not be further brought to fill two thouſand rmore, 
and ſo onwards, fince each of theſe newly-repleniſhed ſpaces 
is preſumed to be exatly filled with Body, and no Space, nor 
conſequently that which the unrarefied Air repleniſhed, can be 
more than adequately full. And ſince, according to our Ad- 
verſary, not only fluid Bodies, as Air and Quickſilver, but even 
ſolid and hard ones, as Marble, are capable of ſuch a Diſtenfton 
as we ſpeak of, why may not the World be made I know not 
how many thouſand times bigger than it is, without either ad- 
mitting any thing of Vacuity betwixt its parts, or being increa- 
ſed with the addition of one Atome of new matter 2 Which 
to me is ſo difficult to conceive, that I have ſometimes doubted, 
whether in caſe it could be proved, that in the exhauſted 
Globe we ſpeak of there were no Vacuities within, nor any 
| ſubtile matter permitted to enter from without, it were not 
more intelligible to ſuppoſe that God had created a new mat- 
ter to joyn with the Air in filling up the Cavity, than that 
the ſelf-ſame Air ſhould adequatcly fill two thouſand ſpaces, 
whereof one was exatly commenſurate to it even when it was 
uncompreſſed. For divers eminent Naturaliſts, both ancient 
and modern, believing upon a Phyſical account the Souls of 
men to be created and infuſed, will admit it as intelligible that 
God does frequently create ſubſtances on certain emergent occa- 
fions. But I know that many of them will not likewiſe think 
1t conceivable, that without his immediate interpoſition an ac- 
ce{iion of new, real Dimenſions ſhould be had without either 
vacuities or acceſſion of matter, 
And indeed when I conſidered theſe difficulties and others, 
that attend the RarefaQtion our Examiner throughout his whole 
' Book ſuppoſes, and when 1 found that ever and anon he remits 
us to what he teaches concerning Rarefaction I could not but 
with ſome greedineſs reſort tothe Chapters he addreſſed me to. 
Kk 3 But 
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But when I had perufed them, I found the Difficulties remaineq 
ſachtill, and that *'twas very hard even for a witty man to make - 
more of a ſubje&than the nature of it does bear. Which I fay, 
that by profeiſing my ſelf unſatisfied with what he writes, I may 
not be thought to find fault with a man for not doing what per. 
haps is not to be done, and for not making ſuch abſtruſe Notions 
plain, as are ſcarcely (if at all ) ſo much as ##te/igible, And in- 
deed as he has handled this ſubje& modeſtly enough, fo in ſome 
places his Expreſſionsare to me ſomewhat dark 5 which I men. 
tion, not to impute it as a Crime in him, that he wrore in a 
diffident and doubtfull ſtrain of ſo difficult a matter , but 
to excuſe my ſelf if I have not always guefled aright at his 
meaning. 
 Thethings he alledges in favour of the RarefaGion he would 
perſuadearerwo: The one, That the Phenomena of RarefaRtion 
cannot be explicated either by Vacuities or the ſubingreſfion of 
an ZX:hereal ſubſtance; and the other, That there are two ways 
of explicating the rigorous RaretaQion he contends for. 

His Obje&ions againſt the Epicurean and Carteſian ways of 
making out Rarefaftion are ſome of them more plauſible than 
moſt of thoſe that are want to be urged againſt them 5 yet not 
ſuch as are not capable enough of Anſwers. But whilſt. ſome 

of the paſſages appeared eafle to be replyed to by the Favou- 
rers of the Hypotheſis they oppoſe, before I had fully examined 
the reſt, chancing to mention theſe Chapters to an ingenious 

Man, hereafter to be further mentioned in this Treatiſe; he told 
me he had fo far conſidered them more than the reſt of the 
book, that he had thought upon ſome ZZypotheſes, whereby the 
Phenomenaof Rarefattion might be made out either according 
to the Vacuiſts, or according to the Carteſfars, adding, that he 
had alſo examined the Inſtance our Adverſary pretends to beaf- 
forded him of his Rarefaction by what happens in the Rota Ari- 

fotelica. Wherefore being ftithciently diftrefled by Avocations 
of ſeveral ſorts, and being willing to reſerve the Declaration of 
my own thoughts coricerfimng the'manner/of | RarefaQtion and 

Condenfation tor another Treatiſe, I ſhall refer the Reader w 
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the ingenious Conjeftures about this Subject, which the Writer: 
of them intends to: annex to the prefent Diſcourte 3 and. ority: 
add in general, That whereas the Examiner's Arguinent on thw 
occaſion is, That his way of Rarefattion muſt be admitted, be- 
cauſe neither of theother twocan be well made out, his Advers 
faries may with the ſame reafon.argue that one of thcirsis to be 
allowed, fince his is incumbred with ſuch manifeſt difficulties. 
And they may enforce what they ſay by repreſenting, that the 
inconveniences that attend his Hypotheſis about RaretaQtionare 
inſfuperable, ariſing from the unintelligible nature of the thing 
it ſelf; whereas thoſe to which the other ways are obnoxious, 
may ſeem to ſpring but from mens not having yet diſcovered 
what kind of Figures and Motions of the ſmall Particles may 
beſt qualifie them to'make the Body that .conliſts of them ca- 
pable of a competent <xpanſion. 

| After our Author's Objections againſt the two ways of Rare- 
 . faction propoſed, the one by the Vacuiſts, and the other by the 
Carteſians and others, that admit the ſolideft Bodies, fnd even 
Glaſs it ſelf, to be pervious to an Mthereal or ſubtile matter; 
he attempts to explicate the »2anrer by which that rigorous Ra- 
refattion he teaches 1s perform'd : and having premiſed, that 
the Explication. of the way howeach part of the rarety'd Body 
becomes extended, depends upon the quality of the parts into: 
which the Body i ultimately reſolvd 3 and having truly ob- 
ſerv'd, that they muſt neceſlarily be either really indiviſible, or 
ſtill, endlefly diviſible 3 he endeavours to explicate the Ariſto- 
rtelear Rarefaction according to thoſe two Hypotheſes, Burt, 
though he thus propofe two ways of making out his RarefaQti= 
on; yet befides that they. are irreconcilable, he ſpeaks of them 
ſo darkly and doubttully, that'it ſeems leſs eafie to diſcern 
which of the two he would be content to ſtick to, than that 
he himſe]t ſcarce acquieſces in either of them. 

And, firſt, -having told ns how. Rarefaftion may be 'ex- 
plain'd, in.caſe we admit Bodies: to' be divifible 7» infiritum, 
he does himſelf make ſuch an' Objedtion againſt the' infinity of. 
parts in a continu, as he isfain to givelo obſcurean Anſwer to, 
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that I confeſs I do not underſtand itz and preſume, that not 
only the moſt part of unprejudiced Readers will as little ac. 
quieſce in the Anſwer as I doz but even the Author himſelf 
will not marvel at my confeſſion, fince in the ſame place he 
acknowledges the Anſwer to be ſomewhat obſcure, and endea- 
vours to excuſe its being ſo, becauſe in that Hypotheſes it can 
ſcarce be otherwiſe. 

Wherefore I ſhall only add on this occaſion, that 'tis not 
clear to me, that even ſuch a diviſibility of a cotinunm as is 
here ſuppoſed would make out the Rarefation he contends 
for. For, let the integrant parts of a cortinuum be more or 
le6 finite or infinite in number, yet ſtill each part, being a 
corporeal ſubſtance, muſt have ſome Particle of ſpace com- 
menſuarate to itz and if the whole Body be rarefied, for in- 
ſtance, to twice its former bigneſs, then will each part be 
likewiſe extended to double its former dimenſions, and fill 
both the place it took up before, and another<qual to it, and 
ſo two places. - +=: 

The ſecond Argument alledged to recommend the hither. 
to-mentioned way of explicating Rarefation is, That many 
learned Men, amongſt whom he names two, Aqrinas and Su 
rez, have taught that the ſame corporeal thing may naturally 
be, and de fa&o often is, in the ſouls of Brutes really indivift- 
ble and virtually extended. But, though I pay thoſe two Au- 
thors a juſt reſpe& for their great skill in Scholaſtical and Me- 
. taphyfical learning ; yet the Examiner cannot ignore, that I 
could make a long Catalogue of Writers, both ancient and 
modern, at leaſt as well versd in natural Philoſophy as Saint 
Thomas and Srarez, who have ſome of them in expreſs words 
denied this to be naturally poſſible; and others have decla- 
red themſelves of the ſame judgment by eſtabliſhing princi- 
ples, with which this Conceit of the virtual extenſion of 
the indivifible Corpuſcles. is abſolutely inconſiſtent. And 
though no Author had hitherto oppoſed it, yet I, that diſpute 
not what t47s of that man thought, but what'ris rational to think, 
ſhould nevertheleſs not ſcruple to reje&t it now 3 and ſhould 
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not doubt to find ſtore of the beſt Naturaliſts of the fame opint- 
on with me, and perhaps among them the Examiner himſelf, 
who (however this acknowledgment mayagree with the three 
following Chapters of his book) tells us, (pag. 160.) that Fuxta 
probabiliorem ſententiam hujuſmodi virtualis extenſio rei corporee 
concedenda non eſt, utpote ſoli rei ſpirituali propria. 

But to conclude at length this tediou; Enquiry into the Ari/to- 
telean way of RaretaQtion, (which is of ſo obſcure a nature that 
it can ſcarce beeither propoſed or examined infew words) I will 
not take upon me reſolutely to affirm which of the two ways of 
explicating it (by Atomes or by Parts infinitely divifible) our 
Author declares himſelf for. But which of them ſoever it be, 
I think I have ſhown that he has not intelligibly made it out: 
And I make theleſs ſcruple todo lo, becauſe he himſelf isſo inge- 
nuous as (at the cloſe of his. diſcourſe of the two ways) to 
ſpeak thus of the Qpinianhe-prefers; Preftat communi 
& recepte hatenus in Scholis ſententie inſiſtere, que li- 
cet difficultates quidem non clare ſoluat, its tamen aperte non ſuc- 
cambit. So that in this diſcourſe of Rarefadtion, to which our 
Author has ſo often jin the foregoing part of the Book referred 
us, as that which ſhould make good'what there ſeemed the moſt 
improbable z he has but inſtead vf'a- probable ZZypotheſis need- 
leſly reje&ed, ſubſtituted a Dotrine which himſelf daresnot pre- 
tend capable of being well freed-from the difficulties with which 
it maybecharged; though I daubr not but other Readers, eſpe- 
cally;Naturaliſts,willebiok he has been very civil tathis obſcure 
Beftrine,-1n Gay thg;that Dofpenltatibus non dperte ſuccambit.. 
Ag for the;otherizvay,of, explicating Rarefaftion, namely, 
by ſuppoſing that a dady:is/made up of parts indiviſible z he 
will not, dprefme, deriy, but that the QbjeRions we: former- 
ly.madeagainftitarenweighty: (For according to this Hypothe- 
fi (whioh on&weuld:think-he prefers; ſine&he makes'uſe of it 
in:the-three Gnfour laſt Chapters of this Baok)) Neceſfa- |  :: 
rid fatendum eſhy(lays/he): unam eandey; partem pont. 4 #8:493, 
in duplici; Jaco. adagquates:; Cum enim indivifpbilis fit, locumgz 
occupet majarem. quam'prims, neceſſe.eſt ut _ nu inquolibet punt+ 
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to totins loci, five ut per totum illud ſpatinm uvirtualiter extendy. 
zur, So that when hein the very next Page affirms, that by this 
virtual extenyion of tbe parts, the Difficulties that have for 6 
many Apes troubled Philoſophers may be eaſily folved, he muſt 
give me leave (who love to ſpeak intelligibly, and not to 
admit what | eannot #nderſiznd) to defire he would explain 
to me what this exferſſo virtualis is, and how it will remove 
the Difficulties that I formerly charged upon the Ariftoteleay 
Rarcfation. For the eaſier conſideration of this matter, let 
us reſume what we lately ſuppoſed, namely, that in the May 

deburgick Experiment the half Inch of undilated Air confiſted 
of a hundred Corpuſcles 3 I demand how the indiviſtbility of 
theſe Corpuſcles will qualifie them to make out ſuch a Rare- 
faction as the Author imagines, For what does their being in- 
diviſible do in this caſe, but make it the leſs intelligible hoy 
they can fill above a hundred parts of ſpace? *Tieafie to fore- 
ſee he will anſwer, That they are virtually extended. But not 
here toqueſtion how their indiviſibility makes them capable of 
being ſo; I demand, whether by an Atoms being virtually ex- 
tended, its corporeal ſubſtance do really (I mean _— 
fill more ſpace than it did before, or whether it do not: ( 

_ oneof thetwois neceſlary.): If it do, then 'tis a true and rea], 
- and not barely a virtual extenfion. And that fuch an exten 
fion will not ſerve the turn, what we have formerly argued 
againſt the Peripatetick RarefaQtion will evince ; and our Ad- 
verſary ſeems to confefs as much, by deviſing this virtual ex- 
tenfion to avoid:the inconveniences to which he faw his Dev 
trine of Rarefation would otherwiſe plainly appear- exposd. 
But if it be ſaid, That when an Atome is virtually extended, 
its corporeal ſubſtance fills no more ſpace than before : This 
is but a Verbal ſhift, that may perhaps amuſe an unwary Rez- 
der, but it will ſcarce fatisfie. a confidering'one. For I de- 
mand how that which is not a ſubſtance can fill place; and 
how this improper and but Metaphorical Extenſion will falve 
the Phenomena of Rarefation: ashow the half Inch of Airat 


the top of the fore-mentioned Globe ſhall without a corporeal 
extenſion 
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extenſion fill the whole Globe of ewo thouſand times its big- 
neſs when the water is ſuck'd out of it, and a@ at the lower 
part of the Globe. Which laſt Clauſe I therefore add, becauſe 
not only our Author teaches (pag. 91. and 92.) that the whole 
Globe was filled with a certain thin ſubſtance, which by itscon- 
tration violently ſnatch'd up the water into which the neck of 
the Glaſs was immers'd; but in a parallel caſe he makes it his 

and Argument to prove, that there is no Vacuum in the de- 
Fred part of the Tubein the 7orrice/ian Experiment, alin 
ed but by ſome real Body. Wherefore till the Examiner do in- 
relligibly explain how a virtual Extenſion, as it is oppoſed toa 
corporeal, can make an Atome fill twice, nay, two thouſand 
times more ſpace than it did before z I ſuppoſe this device of 
virtual extenſion will appear to unbiafsd Naturaliſts but a ve- 
ry unſatisfatory evaſion. 

Two Arguments indeed there are which our Adverſary offers 
as proofs of what he teaches. The firſt is, Thatthey commonly 
teachin the Schools, that at leaſt divivitws (as he ſpeaks) ſuch a 
thing as is pleaded for may be done, and that conſequently it is 
not repugnant to the nature of a body. But, though they that 
either know me, or have read what | have written about mat- 
ters Theolopical, will, I hope, readily believe, that noneis more 
willing to ack-owledge and venrerate Divine Omnipotence 3 yer 
in ſome famous Schools they teach, that it is contrary tothe na- 
ture of thething. And that men who think ſo, and conſequently 
look not upon it as an obje& of Divine Omnipotence, may 
(whateverhe here ay) without i-»piety be of a differing mind 
from him about the poſlibility of ſuch a RarefaQtion as he would 
here have, our Author may perchance think fit to grant, if he 
remember that he himſelf ſays a few Pages after, Cam 
rempes fit Ent effentialiter ſucceſſroum, ita ut ne divini- 
the quidems poſſint due ejus partes ſimul exiſtere, ec. But, not 
how to difpute of a power that I am more willing to adore 
than queſtion, I fay, 'that our Controverſie is not what God 
the do, but about whatican be done by Natyral Agents, not 
| L 12 elevated 
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elevated above the ſphere: of : Nature. . For though God can 
both create and annihilate, .yet Nature can do neither : and in 
the-judgment of true: Philoſophers I ſuppoſe our Hypotheſes 
would need no other advantage to make it be preferred before 
our Adverfaries, than that in ours things are explicated by the 
ordinary courſe of Nature, whereas in the other recourſemuſt 
be had to miracles. | 

But though our Author's way of explicating Rarefa@ior be 
thus improbable, yet | muſt not here omit to take notice, that 
his Fxaniculus ſuppoſes a Condenſation that to me appears incum- 
bred with no leſs manifeſt difficulties. For, ſince he teaches that 
a body may be condens'd without either having any vacuitiesfor 
thecompreſt parts toretire into, or having Pores filled with any 
ſubtile and yielding matter that may be ſqueez'd out of them; 
it will follow, that the parts of the Body to be condens'd do im- 
mediately touch each other : which ſuppoſed, I demand how 
Bodies that are already contiguous can be brought to farther 


Approximations without penetrating each other, atleaſt in ſome | - 


of their part:, So that I ſee- not how the Examiners Conden. 
ſation can be perform'd without penetration of dimenſions. A 
thing that Philoſophers .of all Ages have looked upon as by no 
means to be admitted in Nature. And our Author himſelf 
fpeaks ſomewhere at the ſame rate, where to the Queſtion, 
Why the walls that incloſe fired Gun-powder muſt be blown 
aſunder? Reſpondeo ( ſays heY'hec ommia inde acci- 
dere, quod pulvis ille ſic accenſus & in flammam con- 
verſus, longe majus ſpatium nunc occupet quam prius..  Unde fit, 
at cum totum cubiculum antea fuerit pleniſſumum, nevaryy 
parietes, ne detur corporum penetratio. In the Magdeburgick Ex- 
periment he tells us (as we have heard already)'that the whole 
capacity of the Globe is filled with an extremely-thin body. 
But notnow to examine how properly heicallsthat a rare body, 
which according to him intercepts neither Pores nor any hete- 
rogeneous ſubſtance, the greater or -leifer abſence of which 
makes men call a Body more or leſs deyſe 3 not:to infiſt on this, 
1 fy, let us conſider, that-before the -admiſſion,gf water =_ 
. t 
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| the exhauſted Globe there was, according to him, two thouſand 
half Inches of a ſubſtance, which, however it was produc'd or 
| got thither, was a true and real Body ; and that after the ad- 
"miſſion of the water there remained:in the ſame Globe, befides 
the water that came jn, no more than one half Inch of body. 
Since then our Author does not pretend (which if hedid, might 
be eaſily diſproved ) that the one thouſand nine hundred nine- 
ty nine half Inches of Matter, that now appear no more, tra- 
verſed the body.of 'Water ; ſince he will not allow that it gets 
away through the Pores of the Glaſs, I demand, what becomes 
of ſo great a quantity of Matter ? For that 'tis annihilated I ſup- 
poſ= he is too rational a-man to pretend, (nor, if he ſhould, 
would it be at all believ'd) and to fay, that a thouſand and ſo ma- 
ny hundred parts of Matter ſhould be retir'd into that one part 
of ſpace that contains theone half Inchof Air, 1slittle leſs incre- 
dible : For that ſpace was ſuppos'd perfeGly full of body before, 
and how a thing can be morethan petrfe(ly full, who can con- 


EZ ceive? Todiſpatch : According to our Author's way of Con- 


denſation, two, or perhaps twothouſand, Bodies may becroud- 
ed into a ſpace that is adequately fill'd by one of them apart. 
| And if this be not penetration of Dimenſions, I defire to be in- 
formed what is ſo; and till then I ſhall leave it to any unpre- 
poſleſs'd Naturaliſt to judge, whether an Zypotheſis that needs 
ſuppoſe athing ſo.generally concluded to be impoſlible to Na- 
ture, be probable or not ; and whether to tell us that the very 
ſame parcel of Air, that 13 now without violence contain'd in 
half an Inch of ſpace, ſhall by and by fill ewo thouſand times 
as much room, and preſently after ſhrink again into the two: 
thouſandth part of the ſpace it newly poſleſsd, be not to turn 
a Body intoa Spirit, and, confounding their Notions, attribute 
to the former the diſcriminating and leaſt eaſily conceivable 
properties of the later. And this Argument is, I confeſs, 
with me of that weight, that this alone would keep me from ad-. 
mitting the Examiners Z7ypotheſss - Yet if any happier Con- 
templator ſhall prove. ſo ſharp-fighted, as to deviſe and clear- 
ly propoſe a way of, making the Rerelalting and Condenſa- 
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nion hitherto argued againſt, intelligible to me, he is not liks 
to find me obſtinate. Nor indeed is there ſufficient cauſe why 
his ſucceeding in that attewpt ſhould make our Adverſarie 
Hypotheſis preferrable to ours, fince that would not prove ix 
either xeceſ/ary, or ſo much as ſufficient, but only anſwer ſome 
of the Arguments that tend to prove 'its not #rte#igible. And 
that we have other Arguments on our fide than thoſe that re- 
late to RarefaQion and Condenſation, may appear partly by 
what has been diſcours'd already, and partly by what we have 
now to ſubjoyn. 


CHAP.IV. 
A Conſideration (pertinent to the preſent Controverſte ) of what 
happens in trying the Torricellian and other Experiments, 
at the tops and feet of Hills. 


Here remain then yet a couple of Conſiderations to be 

oppovg'd againſt the Examiners Hypotheſts, which, though 
the paſt Diſcourſe may make them be Ilook'd upon as needles, 
wemulſt not pretermit, becauſe they contain fuch Arguments as 
may not only be imployed againſt our Adverſaries Dodtine, 
but will very much tend to the confirmation of ours. 

I conſider then further, that the Hypotheſis I am oppoſing, be- 
ing but a kind of Inverſion of ours, and ſuppoſing the ſpring or 
motion of Reſtitution inthe Airto tend inwards, asaccording to 
us it tends outwards ; it cannot be, that if the ſuppoſition it ſelf 
were (what I think Thaveprovditis not) true, many of the Phe- 
n0mena would be plaufibly enough explicable by it : the ſame 
motions in an intermediate body being in many caſes producible 
alike, whether we ſuppoſe it to be thruſtor drawn; provided 
both the endeavours tend the ſame way. But then we may be 
fatisfied whether the effe& be to be aſcribed to Pulfion or to 
Traction, (as they commonly ſpeaks, though indeed the Jater 
{eerns reducible to the former) if we can find out an Experi- 
ment wherein there is reaſon ſuch an effet ſhould follow, in caſe 
Pulfion be the cauſe inquired after, and not in caſe it be TraQti- 
on. And ſuch an Experiwentum Crucis (to ſpeak with our [/z- 
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frriows Verulam)is afforded us by that noble Obſervation of Mor 
fieur Paſchal, mentioned by the famous Pecquet, and out 
of him by our Author : namely, that the Torrice#jan Ex- 

periment being made ar the foot and in divers places of a y 
high Mountain, (of the altitude of five hundred fathom or three 
thoufand foot) he found, that after he had aſcended a hundred 
and fifty Fathom, the Quickſilver was fallen two Inches and a 
quarter below its ſtation at the Mountains foot z and that at the 
yery top of the Hill it had deſcended above three Inches below 
the ſame wonted ſtation. Whence it appears that the Quickſilver 
being carried up- towards the top of the Atmoſphere, falls down 
the lower,the higher the place is wherein the obſervation is made: 
of which the reaſon is plain in our Hypotheſis, namely, that the 
nearer we come to the top of the Armoſphere, the ſhorter and 
lighter ts the Cylinder of Air incumbent upon the reftagnant 
Mercury; and conſequently the lefs weight of Cylindrical 
Mercxry will that Air be able to counterpoiſe and keep ſuſpen- 
ded: And fince this notable Phenomenon does thus clearly fol- 
low upon ours, and not upon our Adverfaries ZZypotheſis 3 this. 
Experiment ſeerns to determine the Controverfie betwixt 
them : becauſe in this caſe the Examiner cannot pretend, as he 
does in the ſeventeenth and divers other of our Experiments,, 
that the defcent of the Quickfilver in the Tube 1s caus'd, not 
by the diminution of the external Airs preſſure, but from the: 
preternatural RarefaGtion or Diſtenſion of that external. Air 
(in the Receiver). when by ſeeking to reſtore it ſelf, it endea- 
vours todrawup the reftagnant Mercxry: For in our preſent caſe: 
there appearsne ſuch forcible Dijatarion of that Air, as in ma- 
ny of the Pheromena of our Engine he i pleas d to imagine. 
It need therefore be no great wonder, if his Adverſaries do, 
2s he obſerves, make a. great account of this Experiment, to- 
ove that the Meroxry ts kept up in the. Tube by the refi- 
ew of the.'excernal' Air. Nor do I think his Anſwers to- 
the Argument drawn from hence will keep them from think- 
og it cogent. For to an Objection upon which he takes no- 
tice that they lay ſo much ſirefs, he replies but two _ + 
| which: 
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which neither ſingly. nor together will near amount-to'a fatif\ 
tagory Anſwer. | | | ra 
And, Firſt, he queſtions the truth of the Obſervation it ſelf; 
becauſe having. made trial ina low Hill, the event did no ways 
anſwer his expeCtation. But though, in ſtead of diſapproving, 
I am willing to commend his Curiolity;' to make the Experi- 
ment himſelf, and eſpecially ſince 'twas both new and impor- 
tant; and though allo I like his Modeſty, 1a rather (uſpeCting 
ſome miſtake in the manner of the Obſervation, than that the 
Experimenters did -notfincerely deliver it : yet, ſince there muſt 
be an Error ſomewhere,;{I muftrather charge 1t upon the Exa- 
miners obſervation ({ay hisObſcryation, not his want of fin-" 
cerity) than upon Monſieur:Paſchal's. For beſides the com- 
mendations that the learned Gafſerdus, who relates the Experi- 
ment, gives tothatingenious Gentleman (Monfieur Paſchal ) by: 
whoſe direCtion he ſuppoſes it to have been try'd: the ſame Gy 
-: ſendus relates, that the like Obſervation was five 
times repeated, partim intra ſacel/am, partim atre 
libero, & nunc quidem flante, nunc ſilente vento, 
Which circumſtances ſufficiently argue the Diligence wherewith 
the Experiment was try d in A#vergre. Eſpecially fincel can cons 
firm theſe Obſervations by two more made. on diſtarit Hillsin 
England : the one of which I procur'd from that known Virtuoſo 
Mr, F. Bal, whom 1 defir'd to make the Experiment at a Moun- 
tain in Devozſhire, on the ſide, whereof; he: .dwelt:z, and: the 
other made in La»caftire by that ingenibus Gentleman Mr, Rzch.\ 
Zownley, Both which Obſervations,. ſince»T: have . eh@ntiond 
themat Jarge inthe Appexdixzto the Phy ſtsvMechavieal Treatile 
ſhallnot now repeat 53 comenting my ſelf to obſerve te our pre- 
ſent purpoſe, that however the proportion; of-the Deſcent of 
the Quickſilver may. vazy ;according:to the differing confiſtence: 
and other accidents af-'the; neighbouring; Air;mn the particular 
places and times of the Experiments: þetng-made,:: yet all. Ob- 
ſervations agree in this, That nearer;the top-of \the Armoſphere 
the Quickſilver. falls lower than it does further from it. To 


all this I ſhall add two things that will very much confirm our 
| Hypotheſis 
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Hypotheſis. The one is, that the freſhly-nam'd Mr. Townley, 
and divers ingenious Perſons that afliſted at the Tryal, be- 
chought themſelves of ſo making the Torrice/ian Experiment 
at the top of the Hill, as to leave a determinate quantity of 
Air in the Tube, before the mouth of it was open'd under the 
velſell'd Mercary; and taking notice how low ſuch a quantity 
of that Air depreſled the Mercurial Cylinder, they likewiſe 
obſerv'd, that at the Mountains foot the included Air was not 
able to depreſs the Quickſilver ſo much. Whence we inferre, 
that the Cylinder of Air at the top of the Hill being ſhorter and 
lighter, did not ſo ſtrongly preſs againſt the included Air, as 
did the ambient Air at the bottom of the Hill, where the A- 
zreal Cylinder was longer and heavier. 

But becaufe that though Experiments made in very elevated 
places are noble ones, and of great importance in the Contro- 
verfies about the Air, yet there are but very few of thoſe that 
are qualified to make Experiments of that Nature, who have 
the opportunity of m-king them upon high Mountains; we 
did with the afliſtance of an ingenious man attempt a Tryal, 
wherein we hoped to find a ſenlibly-differing Weight of the 
Atmoſphere, in a far leſs height than that of an ordinary Hill. 
But -1n ſtead of a common Tube we made uſe of a kind of 
Weather-glaſs, that the included Air might help to make the 
event notable, for a reaſon to be mentioned ere long; and in 
ſtead of Quickflver we employ'd common Water in the Pipe 
belonging to the Weather-glaſs, that ſmall changes in the 
Weight or reſiſtance of the Atmoſphere in oppoſition of the in- 
cluded Air might be the more diſcernable. The Inſtrument 
we made uſe of conſiſted onely of a Glaſs with a broad Foot 
and a narrow Neck (AB) and aſlender Glafs-Pipe (CD) open 
at both ends: which Pipe was ſo placed, that the bottom of 
it did almoſt, but not quite, reach to the bottom of the bigger 
Glaſs (AB) within whoſe Neck (A) it was faſtned with a 
cloſe cement, that both kept the Pipe 1n its place, and hindred 
all communication betwixt the inward (Il) and our ward (K K) 


Air, fave by the cavity of the Pipe (CD). Now we choſe 
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this Glaſs (AB) more than ordinary capacious, that the effeq+ 
of the dilatation of the included Air (IT) might be the more 
conſpicuous. Then conveying aconvenient quantity of Water 
(HH) into this Glaſs, we carried it to the Leads of the lofty 
Abby-Church at Weſtminſter, and there blew 1n a little Air to 
raiſe the Water to the upper part of the Pipe, that being above 
the Veſſel (AB) we might more preciſely mark the ſevera] 
ſtations of the Water than otherwiſe we could. Afterward 
having ſuffered the Glaſs to reſt a pretty while upon the Lead, 
that the Air (II) within might be reducd to the ſame ſtate, - 
both asto coldneſsand as to preſſure, with (K K) that without, 
having marked the ſtation of the Water (F), we gently let 
down the Veſſel by a long ſtring to the foot of the Wall, where 
one attended to receive it; who having ſuffer'd it to reſt upon 
the ground, cry'd to us that it was ſubſided about an Inch be- 
low the mark (F) we had put: whereupon having order 
him to put a mark at his ſecond ſtation of it (E), we drew up 
the Veſſel again; and ſuffering it to reſt a while, we obſervd 
the Water to be re-aſcended to or near the firſt mark (F), 
which was indeed about an Inch above (E) the other. And this 
we did that Evening a ſecond time with almoſt a like ſucceſs: 
though two or three dayes after, the wind blowing ſtrongly 
upon the Leads, we found not the Experiment to ſucceed 
quite ſo regularly as before z yet the. Water alwayes manifeſtly 
fell lower at the foot of the Wall than it was at the top : which 
I ſeeno cauſe to aſcribe barely to the differing temperature of 
the Air above and below, asto Heat and Cold, fince according 
to the general eſtimate, the more elevated Region of the Air 
1s, ceteris paribys, colder than that below, which would rather 
check the greater expanſion of the included Air at the top of 
the Leads than promote it. But the better to avoid miſtakes 
and prevent Objeions, we thought fit to try the Experiment 
within the Church, and got into a Galery of the ſame height 
with the Leads: but the upper part of the Pipe being caſually 
broken off, we thought fit to order the matter fo, that the 
_ ſurface (G) of the remaining Water in the Pipe ſhould be about 
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an Inch higher than the ſurface of the Water in the Veſlel. 
And then my above-mentioned Correſpondent letting down 
the Glaſs, almoſt as ſoon as it was ſ{etled upon the pavement, 
kneeling down to ſee how far it was ſubſided, I found that not 
onely it was fallen as low as the other Water, but that the 
outward Air depreſt it fo far, as whilſt I was looking on, to 
break in beneath the bottom of the Pipe, and aſcend through 
the Water in bubbles; after which the Glaſs being drawn up 


_ again, my Correſpondent affirm'd, that the Water was very 


manifeſtly re-aſcended. But becauſe by the unlucky breaking 
of a Glaſs, we were hindred to obſerve, as wedeſigned, what 
would happen as well in a Weather-glaſs, ſo contriv'd that the 
weight or preſſure of the Atmoſphere ſhould make no change 
in it, as in another whoſe included Air was at the top, (where- 
as in that we imploy'd the included Air was in the lower part,) 
and becauſe there happened in our Tryals a Circumſtance or 
two that ſeem'd not ſo devoid of difficulties, but that we think 


it may require further examination, we delign to ſet down a 


more particular account of this Experiment, (as how it ſucceeds 
with Quickſilver inſtead of Water, together with the capacity 
of the Veſle! (AB) and the bore of the Pipe (CD) with ſome 
other variety of Circumſtances) together with the event of the 
curioſity we had (which ſeemed very ſucceſsfull) to try the 
Torrice//ian Experiment upon. the above-mentioned Leads, and 
then let down the Tube together with the reſtagnant Mercury 
to the ground, toobſerve the increaſing altitude of the Quick- 
{ilver, 1n the formerly- mentioned Apperdix to the Epiſtle we 
have been defending. And it ſhall ſfufficeus in the mean time that 
the Tryals already mentioned ſeem to make it evident enough 
that the Atmoſphere gravitates more, ceteris paribus, near the 
furface of the Earth, than in the more elevated parts of the 
Air. For the Leadson which we made our Tryals were found 
by meaſure to be in perpendicular height but threeſcore and 
fifteen Foot from the ground. To which we ſhall onely add this 
at'preſent, that once being deſirous to obſerve what we could 
tonching the proportions of the ſubſidence of the Water to the 
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height of its ſeveral ſtations from the ground, purpoſely car. 
 ryingdown the Veſlel fo as not conſiderably to-heat it, from 
the Leads down the ſtairs to a little window that we gueſt to 
be almoſt half way to the bottom, we there perceived the 
water to have already ſubſided about a Barly-Corns length, 
notwithſtanding that probably in ſpite of our care, the Velſe] 
were a little warmed by the heat of his body that carried it, 
fince by that time we were come to the foot of the Wall, the 
Water ſtood almoſt at'the higheſt mark; but after the Velſſe| 
was ſuffered to reſt a while, it relapſed by degrees to the loweſ}, 
And thus much for the firſt of the things I had to repreſent in 
favour of our Dottrine. 

The other Particular I ſhall mention for confirmation of our 
Hypotheſis, is that Experiment (which, though it be needle, 
ſeems yet more cogent and proper to prevent Evaſtons) made 
by the ſame Monſteur Paſchal, of carrying a weakly-blown 
Foot-ball from the bottom to the top of an high Mountain, 
For that Foot-ball-ſwell'd more and more, the higher it was 
carried, ſo that it appeared as if it were full blown at the top 
of the Mountain, and gradually growing lank again, as it was 
carried downwards; ſo that at the foot of the Hill it was 
flaccid as before. This, Ifay, havingthus happened, we have 
here an Experiment to prove our ZZypotheſis, wherein recourle 
cannot be had to any forcibly and preternaturally diſtended 
Body, ſuch as that is pretended to be which remains in thede- 
ſerted ſpace of the Tube in the Torrice/iar Experiment. 

The other thing which the Examiner alledges againſt our 
Argument from Moxſieur Paſchal's Tryals, is, that ſuppoſing it 
to betrue, Fetit cannot thence beinferr'd, that the ſubſidence 
of the Mercury at the top of the Hill proceeded from the 4:- 
moſpherical Cylinder's being there lighter and leſs able to ſuſtain 
the Quickſilver. Sed dici poteſt (ſayes he) 7deo fic 
in vertice Montis magis deſcendiſſe, quod ibidem efſet 
Aura frigidior, aut ex alio Temperamento hujuſmodi deſcenſum 
cauſante. But this ſolution will not ſerve theturn : For the cold- 
nef, of the ambient Air (which yet the Experimenters take not 
notice 
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notice of ) would rather contrad the rarefied ſubſtance within 
the Tube, and ſo draw up the Mercury higher, as our Author 
himſelf teaches us, that 'tis from the ſhrinking of the Funiculus 
occalion'd by: the cold that the Water in Thermometers 
aſcends in cold weather. And whereas the onely 
proof he addes of ſo improbable an Explication is taken from 
our eighteenth Experiment, wherein we relate, that fometimes 
the Quickſilver did ſenſibly fall lower in colder than in far 
leſs cold weather: I anſwer, that this eighteenth Experiment 
will ſcarce make more for him than againſt him: For, as I there 
take notice that the Quickſilver deſcended in cold weather, fo 
it ſometimes deſcended likewiſe in hot weather, and roſe in 
cold; And 'tis very ſtrange, that in all the Obſervations made, 
in differing Countries mos. at diffe.ing times, it ſhould ſtill ſo 
happen that the Mercurial Cylinder ſhould be ſhorter near the 
top-of the Atmoſphere than further from it; if the reſiſtance of 
the outward Air have nothing to do with the keeping it ſuſ- 
pended. And 'tis yet more ſtrange, that the foot-ball ſhould in 
like manner grow turgid and flaccid, according as it is carried 
into places where 1t has a ſhorter or longer Pillar of Air 
incumbent on it. | 
I was going to proceed to what remains of this ſecond Part 
of our Treatiſe, But that- ſince I begun this Chapter caſually 
meeting with an Experiment lately ſent in a Letter to a very 
Ingenious * Acquaintance of his and mine by a | 
very Induſtrious Phyſician * (who is ſaid to have M7; Crom one of 
had the curioſity to try over again many of the ſeffors of Greſham 
Experiments of our Engine) and finding it very qo 
proper to confirm our newly related Experiment EDI 
made at Weſtminſter, and to be of ſuch a nature as we have 
not in this part of Ezg/and the opportunity to try the like, . 
for want of Hills high enough, I ſhall (according to the per- 
miſſion-given me) inſert it in this place. And the rather, that 
as the Mountains have by. the Tryals made on;them: of the 
Torricellian:« Experiment, aftqrded . us: a_noble proofi;pf the 
weight of the' Air; -ſothey my atforg-us any of 15s Spring : 
SHATTEG M m 3 * wherein 


Pag. $9. 


(54) 
wherein I hope the Phenomenon of the Waters deſcentwill not be 
aſcribed to any attra&ion made of the Water by the violently. 
diſtended outward Air. And becauſe the Experiment was 
not made by us, but by another, we will ſet it down in his 
words, which are theſe: This fifteenth of OFober 
= the ſecord 1661. we took, a Weather-glaſs AB, of about twy 
1gure, - : 
foot in length, and carrying it to the bottom » 
Hallifax ZZif, the Water ſtood in the ſhank at thirteen Inches 
above the Water in the Veſſel: Thence carrying it thus filkd, with 
the whole frame, immediately to the top of the ſaid Hill, the 
Water fell down to the point D, viz. an Inch and a quarter lower 
than it was at the bottom of the ſaid Hill; which (as he rightly 
inferrs) proves the Elaſticity of the Air: for the internal Ai 
AC, which was of the ſame power and extenſion with the exter. 
nal at the bottom of the Hill, did manifeſt a greater ' Elaſticity 
a dts has cr the than the Mountain- Air there *, and 
like words, did manifeſt extended it ſelf further by CD. 
Preſſme, are here omitted, The like Experiment, I hear, the fame 
for rhe Mountain-Air there . 
ſeems to have aged rather INgenious Doctor has very lately repea- 
by irs Weight than Elaſ- ted, and found the deſcent of the Wa- 
OY ter tobe greater than before. And though 
ſome Virtuoſi have thought it ſtrange, that in an Hill far infer;- 
-our to the Alps and Appennines, fo ſhort a Cylinder of ſo light 
a liquor as Water ſhould fall fo much ; yet 1 ſee not any rea- 
ſon to diſtruſt upon this ground either His Experiment or Ours 
(lately mention'd to have been made at Weſtminſter ;) but ra- 
ther to wonder the Water fell not more (if the Hill be conſider- 
ably high :) for their ſuſpicion ſeems grounded upon a miſtake, 
as if becauſe the Quickſilver in the Torrice/iar Experiment 
made without purpoſely leaving any Air in the Tube, would - 
not, at the top of the mention'd Hill, have ſubſided above an 
Inch, if ſo much, the Water, that is near fourteen times lighter, 
ſhould not fall above a fourteenth part of that ſpace; whereas 
in the 7orrice/ian Experiment, the upper and deſerted ſpace of 
the Tube has little or no Air left in it, but the Correſpondent 
:part of the Weather-glaſs was furniſh'd with Air, whoſe 
h preſſure 
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refſure was little leſs than that of the Atzzoſphere at the bottom 
of the Hill; and conſequently muſt be much greater than the 
preſſure of the Atmoſphere at the top of the Hill, where the 
Atmoſpherical Cylinder's gravity (upon whoſe accountit preſles) 
muſt be much diminiſh'd by its being made much ſhorter, and 
by its conſiſting of an Air leſs compreſt, And thus much for 


- the firſt of the two Conſiderations wherewith I promiſed to 


conclude this ſecond part of the preſent Traft. Onely before 
I proceed I muſt in a word defire the Reader to take notice, 
that though I have here ſingled out but one of the nine Ex- 
periments which the Examiner in the 11, and 12. Chapters 
reckons up as urgd by his Adverſaries; yet do not thereby 
declare my acquieſcing in his Explications of thoſe Phenomena, 
but onely leave both them and ſome other things he delivers 
about Siphons and the Magdeburg Experiments, to be diſcours'd 
by thoſe that are more concerned to examine them, content- 
ing my ſelf to have ſufficiently diſproved the Furiculzs which 
his Expoſitions ſuppoſe, and cleared the grounds of explicat- 
ing ſuch Experiments aright. 


| CHAP.V. 
Two new Experiments touching the meaſure of the Force of 


the Spring of Air compreſs d and dilated. 


HE other thing that I would have conſidered touching: 
| our Adverſaries Hypotheſis is, That it is meedleſs. For. 
whereas he denies not that the Air hasfome Weight and 
Spring, but affirms that it is very inſufficient to perform 
ſuch great matters as the counterpoiſing of a-Mercurial Cy- 
linder of 29. Inches, as we teach that it may: We ſhall now 
endeavour to manifeſt by Experiments purpoſely made, that 
the Spring of the Air is capable of doing far more than *cis- 
neceſlary for us to aſcribe.to it, to ſalve the Phenomena of the. 
Torricellan Experiment. 
Wetook thena long Gla-Tube, which by a dexterous hand 
and the help of a Lamp was in ſuch a manner crooked at the 


bottom, that the pazg turned up was almoſt parallel to the reſt 
of 
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of the Tube, -and the Orifice of this ſhorter leg of the Siphon 
(if I may fo call the whole Inſtrument) being Hermerically 
ſeal'd, thelength of it was divided into Inches, (each of which 
-was ſubdivided into eight parts) by a freight hit of paper, 
which containing thoſe Diviſions was carefully paſted all alon 
It : thenpurting in.as much Quickſilver asſerved tofill the Arch 
or bended part of the Syphon, that the Mercury ſtanding in a 
level might teach in the one leg to the bottom of the divided 
paper, and juſt to the ſame height or Horizontal line in the 0- 
ther; we took care, by frequently incliningthe Tube, fo that 
the Air might freely paſs from one leg into the other by the 
tides of the Mercury, (we took (I ſay) care) that the Air at 
laſt included in theſhorter Cylinder ſhould be of che ſame laxity 
with the reſt of the Air about it. This done, we began to 
pour Qaickſilver into the longer leg of the Siphon, which by 
Its weight preſſing up that in the ſhorter leg, did by degrees 
ſtreighten the included Air: and continuing this pouring in of 
Quickfilver till the Air in the ſhorter leg was by condenſation 
reduced to take up but half the ſpace it poſlefs'd (I ſay, poſeſ7d, 
not fd) before; we caſt our eyes upon the longer leg of the 
Glaſs, on which was likewiſe paſted a liſt of paper carefully 
divided into Inches and parts, and we obſerved, not without 
delight and fatisfaQtion, that the Quickſilver tn that longer part 
of the Tube was 29. Inches higher than the other. Now that 
this Obſervation does both very well agree with and confirm 
our Hypotheſis, will be eafily diſcerned by him that takes notice 
what we teach, and Monſieur Paſchal and our Engliſh friends 
Experiments prove, that the greater the weight 1s that leans up- 
on the Air, the-more forcible 1s its endeavour of Dilatation, 
and conſequently its power of reſiſtance, (as other Springs are 
ſtronger whenbent by greater weights.)Forthis being conſidered, 
it will appear to agree rarely-well with the Hypotheſes, that as 
according to it the Air in that degree of denfity and correſpon- 
dent meaſure of refiſtance to which the weight of the incum- 
bent Atmoſphere had brought it, was able to counterbalance 


and reſiſt the preſſure of a Mercurial Gylinder of about 29. 
Inches, 
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Inches, as we are taught by the Torrice/ian Experiment; ſo 
here the ſame Air being brought to a degree of denſity about 
twice as great as that it had before, obtains a Spring twice 
as ſtrong as formerly. As may appear by its being able to 
ſuſtain or reſiſt a Cylinder of 29 Inches in the longer Tube, 
together with the weight of the Atmoſpherica] Cylinder, 
that lean'd upon thoſe 29 Inches of Mercury; and, as'we juſt 
now-inferrd from the Torrice/ian Experiment, was equiva- 
lent to.them. SH | 

We were hindered from proſecuting the trial at that time by 
the caſual breaking of the Tube. But becauſe an accurate 

Experiment of this nature would be of great importance to 
the Dodrine of the Spring of the Air, and has not yet been 
made (that Iknow) by any man; and becauſe alſo it is more 
uneafie to be made than one would think, in regard of the 
difficulty as well of procuring crooked Tubes fit j- the pur- 
poſe, -as of making a juſt eſtimate of the true place of the Pro- 
tuberant Mercnry's ſterface; I ſuppoſe it will not be unwelcome 
to the. Reader, to be informed that after ſome other trials, 
one of which we made in a Tube whoſe longer leg was per- 
pendicular, and the other, that contained the Air, parallel to 
the Horizon, weatlaſt procured a Tube of the Fi- . 

gure expreſt in the Scheme 3 which Tube, though 5;,,ve. * 
of a pretty bigneſs, was ſo long, that the Cylinder 
whereof the ſhorter leg of it conſiſted admitted a liſt of Pa- 
per, which had before beendivided into 12 Inches and their 
| and the longer leg admitted another liſt of Paper of 

ivers foot in length, and divided after the ſame manner: then 

Quickſilver being poured in to fill up the bended part of the 

Glaſs, that the ſurface of it in either leg might reſt in the ſame 

Horizontal line, as we lately taught, there was more and more 

Quickſilver poured into the longer Tube; and notice being 

watchfully taken how far the Mercxry was riſen in that longer 

Tube, when it appeared to have aſcended to any of the divi- 
fions in the ſhorter Tube, the ſeveral Obſervations that were 

thus ſucceſſively. made, and as they were made ſet down, af- 

forded us the enſuing Table. N n A 
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A Table of the C ondenſation of the Air - 


c| D E 


AA. The number of equal ſpaces in the 
3572| 35 ſhorter leg, that contained the ſame 
28| 9:07:49] | 37--] 3643] parcel of Airdiverlly extended. 

287 | B, The height of the Mercurial Cylin- 


36 IOr; 3 \ 
34 A mw © 21a ou der in the longer leg, that compreſs'd 
32| 8 [155278 44T2| pol the Air into thoſe dimenſions. 

30| 7:\173218| 4774} 463 | © The height of a Mercurial Cylinder 
28] 7 2 172] | 50rt| 5o-- _ —— the preſlure of 
26| 6:25; | $342 the Atmolphere. | 

24\.6 207 2 9 Hy  D. The Aggregate of the two laſt Co. 
23] 52/325\B| 6174] 6038] + JumnsBandC, exhibiting the preſſure 
22] 5:1342/S| 6475) 63x ſuſtained by the included Air. 
21) $313944<| 6772] 663 | E- What that preſſure ſhould be accor, 
20| 5 4152) | 7033] 70-- ding to the Hypotheſis, that ſuppoſes 


19! 43/45--| | 7414 7345 the preſſures and expanſions to bein 
[4842 14 2 reciprocal proportion, 


13) 34/7872) [10772 10775 
12] 3 j887; 1175211162 | 


For the better underſtanding of this Experiment it may not 
be'amiſs to take notice of the following particulars : 

1. That the Tube being ſo tall that we could not convent- 
ently make uſe of it in a Chamber, we were fain to uſe it on 
a pair of Stairs, which yet were very lightſome, the Tube be- 
ing for preſervations ſake by ſtrings ſo ſuſpended, that it did 
ſcarce touch the Box preſently to be mentioned. : 

2. The lower. and crooked part of the Pipe was placed ina 


ſquare wooden Box, of a good largnels and depth, to prevent 
the 
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thelafs of, the Quickfilver that might fall afide in the transfu- 
fion from the Veſlel into, the Pipe, and. to receive the whole 
Quickſilver in caſe the,Tube ſhould break. .. 

3. That we weretwo to make the Obſervation together, the 
one.to take notice at the bottom how the Quickſilver roſe in 
the ſhorter Cylinder, and. the other to pour in at the top of 
the longer, it heing very hard and troubleſome for one man 
alone to do both accurately. 

4. That the Quickſilver was poured in but by little and lit- 
tle, according to the direfion of him that obſerved below, it 
being, far eaſter to pour in more, than to take out any in caſe 
too much at once. had been poured in. | 

; 5.: That at: the beginning of the Operation, that we might 
the more truly diſcern where the Quickfilver reſted from time 
to time, we made uſe of a ſmall Looking-glaſs, held in a 
convenient poſture to refle&t to the eye what we deſired to 
diſcern. | | 
-- 6, That when the Air was ſo compreſs'd, as to be crouded 
into leſs than a quarter of the ſpace it poſlefsd before, we try- 
ed whether the cold of a Linen Cloth dipp'd in Water would 
_ then condenſe it. And it ſometimes ſeemed a little to ſhrink, 
-but not ſo manifeſtly as that we dare build any thing upon it. 
We then tried likewiſe whether heat would notwithſtanding 
ſo forcible a compreſſure dilate it, and approaching the flame 
of a Candle to that part where the Air was pent up, the heat 
had a more ſenſible operation than the cold had before ; ſo that 
we ſcarce doubted but that the expanſion of the Air would, 
notwithſtanding the weight that oppreſt it, have been made con- 
ſpicuous, if the fear of unſeaſonably breaking the Glaſs had 
not kept us from increafing the heat. 

Now although we deny not but that in cur Table ſome par- 
ticulars do not ſo exaQly anſwer to what our formerly-intima- 
ted Hypotheſis might perchance invite the Reader to expect; 
yet the Variations are not ſo conſiderable, but that they may 
probably enough be aſcribed to ſome ſuch want of exaQneſs 
as in ſuch nice Experiments is ſcarce avoidable. But for all 
Nn 2 that, 
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that, till farther trial hath more clearly infortried me,” T ſhall 
not venture to determine whether'or no the intimated Thieg. 
ry will hold univerſally and preciſely, either in Condenſation 
of Air, or Rarefation: All that I ſhall now urge being, That 
however, the trial already made fufficiently proves the main 
thing for which I here alledge it; fince by it tis evident, that 
as common Air when reduc'd tohalf its wontedextent, obtain. 
ed near about twice as forcible a Spring as it had before ; 
this thus compreſt Air being further thruſt into half' this nar. 
row room, obtained thereby a Spring about as ſtrong again as 
that it laſt had, and conſequently four times' as ſtrong as that 
of the common Air. And there is no cauſe to doubt, that if 
wehad been here furniſht with a greater quantity of Quick- 
filver and avery ſtrong Tube, we might by a further compref- 
fion of the included Air have made it counterbalatice the pref- 
ſure of a far taller and heavier Cylinder of Mercury. For no 
man perhaps yet knows how near to an infinite compreſſion 
the Air may be capable of, if the compreſſing force be com- 
petently increas'd. So that here our Adverſary may plainly ſe 
that the Spring of the Air, which he makes ſo light of, may 
not only be able to reſiſt the weight of 29 Inches, but in ſome 
cafes of above an hundred Inches of Quickſilver, and that 
without the afliſtance of his Funiculus, which in our prefent 
caſe has nothing to do. And to let you ſee that we did not 
(a little above) inconſiderately mention the weight of the m- 
cumbent Atmoſpherical Cylinder as a part of the weight re- 
ſiſted by the impriſoned Air, we will here annex, that we took 
care, when the Mercurial Cylinder in the longer leg of the 
Pipe was about an hundred Inches high, to cauſe one to ſuck 
at the open Orificez whereupon (as we expected) the MHercn- 
73 inthe Tube did notably aſcend. Which conſiderable Phe- 
220/2en0n cannot be aſcribed to our Examiners Funicalys, lince 
by his own confeſſion that cannot pull up the Mercury, if the 
Mercurial Cylinder be above 29 or 3o Inches of Mercary. And 
therefore we ſhall render this reaſon of it, That the preſſureof 
the incumbent Air being in part taken off by its i - 
| c 
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felf :into' the: Suckers dilated; ; Cheſt; -the' imprifon'd Air 
was thereby [enabled to.dilate it[ſclf manifeſtly, and repel the 
Mercury that .compreſt it, till-there was an equality of force 
betwixt the ſtrong Spripg of that compreſt Air on the one part, 
and the tall. Mercurial Cylinder, together with the contigu- 
ous. dilated Air, on the other part. .; _:. + 
| \Now,\if to what we have thus delivered concerningthe com- 
preſſion off Air weadd ſome Obſervations concerning its ſpon- 
taneous Expanſion, it: will the better appear how. much the 
Phenomena of theſe Mercurial Experiments depend upon the 
differing -meaſures of ſtrength ta be met with in the, Air's 
Spring, according to' its various degrees of cotnpreſfiion- and - 
Laxity. But, before I enter upon this ſubject, I ſhall readily 
acknowledge that I had not reduc'd the trials I had made about : 
meaſuring the Expanſion of the Air to any certain Hypotheſis, . 
when that ingenious Gentleman Mr. Rzchard Townley was plea- 
ſed to inform me, that having by the peruſal of my ak 9 | 
Mechanical Experiments been ſatisfied that the Spring of the 
Air was the cauſe of it, he had endeavoured (and I-wiſh in 
ſuch attempts other ingenious men would follow his example) 
to-ſypply -whatT had 'ormitted concerning the reducing toa pre- + 
ciſteftimite how much Air'dilated of it (elf loſes of 1ts Elafti- - 
cal force, according. to the meaſures of its Dilatation, He 
added, that he had begin to ſet down what occurred to him 
to this purpoſe in a ſhort Diſcourſe, whereof he afterwards did 
me the favour to ſhew methe beginning, which gives mea juſt 
Curiolity to ſee'it perfected. But, becauſe -I neither know, 
nor (by reaſon of the great diſtance-betwixt our places of re- 
fidence) have at preſent the opportunity to enquire, whether - 
be will think fit to annex his Diſcourſe to our Appendix, or to - 
publiſh it by it ſelf, or at all; and becauſe he hath notyet, for - 
ought I know, met with fit Glaſfes to make an any-thing-ac- 
curate Table of the Decrement of the force of dilated Air 3 
our preſent deſign invites us to preſent the Reader with that - 
which follows, wherein I had the afliſtance of the ſame perſon 
that I took notice of in the former Chapter, as having writ- - 
| Nn 3 ten- -: 
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ten ſomething about RarefaCtion 2' whom T:theo3ather; make 
mention of on this occafion, -becaaſe-when he :firft-/heard me 
ſpeak of Mr. 7Townley's fappoſitions abont the proportionwheraa 
in Air loſes of its Spring by Dilatation, he-told:me he had the 
year before (and not long after the publication of my Prerma- 
ical Treatiſe) made Obſervatians'to the fame purpoſe, which 
he acknowledged: to apiece well enough 'wathy” Mr: Zamnliy's 
Theory : 'And lo did” (as their Atthor was:pleaſed to tell me) 
ſome-Trials made about the fame time by that Noble Virtrfp 
and eminent Mathematician the Lord Brozncker, from whoſe 
further Enquiries into this matter, if his.oecafions. will. allow 
him to makethem, the Curious may well-hope for:ſomething 


very accurate. | : 
A Table of the Rarefaftion of the Air, © 
; 444 # | L548 a2 3 
4|nc|D| E al: im we on 
! 293 | | IF, 7 a8: 352, 
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To make the Experiment of the debilitated force of expan- 


ded Air the plainer, 'twill not be amis to note ſome a 
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fats, eſpecially touching the manner of making the Trial ; 
which (for the reaſons lately mention'd) we made on a light- 
| fome pair of Stairs, 'and with ,a. Box alſo lin'd with Paper to 
receive the Mercury that might be ſpilt. And inregard it would 
require a vaſt and in few places procurable quantity of Quick- 
filver, to imploy veſlels of ſuch kind as are ordinary inthe 7or- 
ricelian Experiment, we made uſe of a Glaſs-Tube of about 
fix foot long, for that being Hermetically ſcaled at one end, 
ſerv'd our turn as well as if we could have made the Experi- 
ment in a T#b or Pozd.of ſeventy Inches deep. 
| Secondly, Wealfo provided a ſlender Glafs-Pipe of about 
the bigneſs of a Swans Quill, and open at both ends: All 
along which was paſted a narrow liſt' of Paper divided into 
Inches and half quarters. | 
Thirdly, This ſlender Pipe being thruſt down into the grea- 
ter Tube almoſt fill'd with Quickſilver, the Glaſs helpt to make 
it ſwell to the top of the Tube, and the Quickſilver gettingin 
at the lower orifice of the Pipe, filld it up till the Mercxry in- 


cluded in that was near about a level with the ſurface of the - - 


ſurrounding Mercury in the Tube. 
' | Fourthly, there being, as near as we could gueſs, littlemore 
than anTnch of the ſlender Pipe left above the ſurface of the re-. 
_ftagnant Mercury, and conſequently unfill'd therewith, the 
prominent orifice was carefully clos'd with ſealing Wax melted; . 
_ " after which the Pipe was let alone for a while, that the Air di- 
lated a little by the heat of the Wax, might upon refrigeration - 
be reducd to its. wonted denfity. _ And then we obſerv'd by. 
the help of the above-mentioned liſt of Paper, whether we 
.had not included ſomewhat more or ſomewhar lefs than an Inch - 
of Air, and in either caſe we.were fain to reGtifie the error by 
a ſmall hole made (with a heated Pin) in the Wax; and a+. 
terwards clos'd up again. | 
* Fifthly, Having thus included a juſt Inch'of Air, we lifted 
up the ſlender Pipe by degrees, till the Air was dilated to an - 
'Tnch, 'an Inch and'an half, two Inches, &c. and obſerved* in 
Inches and Eighths, the length of the Mercurial Cylinder, 
| which . 
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- whichat each degree of the Air's expanſion was impell'd aboye 


the ſurface of the reſtagnant Mercury in the Tube. . 
| Sixthly, The Obſervations being ended, we preſently made 
the Torrice/ian Experiment with the above-mention'd preat 
Tube of fix foot long, that we might know the height of the 
| Mercurial Cylinder, Pr that particular day and hour 3 which 
height we found tobe 29z Inches. 

Seventhly, Our Obſervations made after this manner fur- 


niſh'd us with the preceding Table, in which there would not 


probably have been found the difference hereſet down betwixt 


the force of the Air whenexpanded to double its former dimen. 


fions, and what that force ſhould have been preciſely accord- 
ing tothe Theory, but that the included Inch of Air receiv'd 
ſome little acceſſion during the Trial; which this newly-men- 
tion'd difference making us ſuſpe&t, we found by replungi 
the Pipe into the Quickſilver, that the included Air had gain' 
about half an eighth, which we gueſt to have come from ſome 
little Acreal bubbles in the Quickſilver, contain'd in the Pipe 
(fo eafie is it in ſuchnice Experiments to miſs of exaQneſs.) We 
try'd alſo with 12 Inches of Air ſhut up to be dilated ; but 
being then hindred by ſome unwelcome avocations to proſe- 
cute thoſe Experiments, we ſhall elſewhere, out of other Notes 
and Trials (God permitting) ſet down ſome other accurate Tx 
bles concerningthis matter.By which poſſibly we may be aſſiſted 
to reſolve whether the Atmoſphere ſhould be look'd upon (4 
it uſuallyis) as a limited and bounded Portion of the Air; or 
whether we ſhould in a ſtricter ſenſe than we did before, uſe 
the Atmoſphere and AFtreal part of the World for almoſt equi- 
. valent terms; or elſe whether we ſhould allow the word A4t- 
220/phere ſome other notion in relation to its Extent. and Li- 
mitsz (for as to its Spring and Weight, theſe Experiments do 
not queſtion, but evince them.) But we are willing, as we 
ſaid, to refer theſe matters to our Appendix, and till then to 
retain our wonted manner of ſpeaking of the Air and Atm- 
ſphere. In the mean time (to return to our laſt-mention'd Ex- 
periments) beſides that fo little a variation may be in great 
part 
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part imputed to the difficulty of making Experiments of this 
nature exatly, and perhaps a good part of it to ſomething of 
inequality inthe cavity of the Pipe, or even in the thickneſs of 
the Glaſsz beſides this, I ſay, the proportion betwixt the ſeve- 
ral preſſures of the included Air undilated andexpanded, eſpeci- 
ally when the Dilatation was great (for when the Airſwell'd but 
to four times its firſt extent, the Mercurial Cylinder, though 
of near 23 Inches, differ d not a quarter of an Inch from 
what it ſhould have been according to Mathematical exaQtneſs) 
the proportion, I ſay, was futable enough to what might be 
expeded, to allow ns to make this reflexion upon the whole, 
That whether or no the intimated Theory will hold exactly, 
(tor about that, as I ſaid above, I dare determine nothing reſo- 
lutely till I have further conſidered the matter) yet ſince the 
Inch of Air when it was firſt included was ſhut up with no 
other preſſure than that which it had from the weight of the 
incumbent Air, and was no more compreſt than the reſt of the 
Air we breathed and moved in; and ſizce alſo this Inch of Air, 
when expanded to twice its former dimenſions, was able with 
the help of a Mercurial Cylinder of aboxt 15 Inches to coun- 
terpoiſe the weight of the Atmoſphere, which the weight of 
the external Air gravitating upon the reſtagnant Mer:xry was 
able toimpell up into the Pipe, and ſuſtain above twenty eight 
Inches of Mercury when the internal Air by its great expan- 
fion had its Spring too far debilitated to make any conſtderable 
(1 ſay conſiderable, for it was not yet ſo dilated asnot to make 
ſome) reſiſtance : S?nce, I ſay, theſe things are ſo, the free 
Air here below appears to be almoſt as ſtrongly compreſt by 
the weight of the incumbent Airasit would be by the Weight 
of a Mercurial Cylinder of twenty eight or thirty Inches; and 


_ conſequently 1s not 1n ſuch a ſtate of laxity and freedom as 


men are wont to itnaginez and aQs like ſome mechanical 
Agent, the decrement of whoſe force holds a ſtrifter pro- 
portion to its increaſe of dimenſion, than has been hitherto 
taken notice of. 
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I muſt not now ſtand to propoſe the ſeveral reflexions thx 
may be made upon the foregoing Obſervations touching the 
Compreſſion and Expanſion of Air ; partly becauſe we could 
ſcarce avoid making the Hiſtorical part ſomewhar prolix ; and 
partly becauſe I ſuppoſe we have already ſaid enough to ſhew 
what was intended, namely, that to ſolve the Phenomena there 
1s not of our Adverſaries ZZypotheſis any need : the evincing of 
which will appear to be of no ſmall moment in our preſent 


. Controverſie, to him that conſiders, that the two main thin 


that induced the Learned Examiner to reje&t our Hypotheſes are, 
that Nature abhors a Vacuam, and that though the Air have 
ſome Weight and Spring, yet theſe are inſufficient to make out 
the known Phenomena ; for which we muſt therefore have re. 
courſe to his Frriculus. Now as we have formerly ſeen, that 
he has not fo ſatisfatorily diſproved as reſolutely rejected a 
Vacuum, ſo we have now manifeſted that the Spring of the 
Air may ſuffice to perform greater things than what our Expli. 
cation of the Torrice/ian Experiments and thoſe of our Engine 
obliges us to aſcribe to it. Wherefore ſince befides the feve- 
ral difficulties that incumber the Hypotheſ's we oppoſe, and 
eſpecially its being ſcarce, if at all, intelligible, we can add 
that it is z»meceſſary 3 we dare expe that ſuch Readers as are 
not byafsd by their reverence for Ariſtotle or the Peripatetic, 
Schools, will hardly reje& an Z7ypotheſis which, beſides thatit 
is very inteligible, is now prov'd to be ſufficient, only to 
imbrace a DoGrine that ſuppoſes ſuch a rarefaCtion and conden- 
ſation, as many famous Naturaliſts reje&ed for its not being 
comprehenfible, even when they knew of no other way (that 
was probable) of ſolving the Phenomena wont to be expli- 
cated by it. 
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The III. Part. 


Wherein what is objeed againſt Mr. Boyle's Expli- 


cations of particular Experiments, is anſwered. 


ND now we are come to the third and Iaft Part of our 
Defence 3 wherein we are to conſider what our Exami- 

ner is pleas'd to object againſt ſome paſſages of our Phy/ico-Me- 
chaxical Treatiſe, But though this may ſeem the only part 
wherein I am particularly concern'd; yet perhaps we ſhall 
find it, if not the ſhorteſt, at leaſt the eafieſt, part of our 
Task. Partly, becauſe our Author takes no exceptions at the 
Experiments themſelves, as we have recorded them (which 
from an Adverſary, who in ſome places ſpeaks of them as an 
Eye-witneſs, is no contemptible teſtimony that the matters of 
fa& have been rightly delivered:) and partly, becauſe there are 
divers; Experiments which, together with their Explications, the 
Examiner has thought fic to leave untoucht, and thereby allows 
us to do ſo too: and partly alſo, becauſe that (as to divers of 
thoſe Experiments upon which he animadverts) he does not 
pretend to ſhew that our Explications are ill deduc'd or incon- 
gruous to our Principles; but only that the Phenomena may 
be explain'd either better or as well by his Z7ypotheſis, where- 
of he ſuppoſes himſelf to have demonſtated the truth, toge- 
ther with the erroneouſneſs of ours, in the other parts of his 
Book, eſpecially the third, fourth and fifth Chapters. Sothat 
after what we have ſaid to vindicate the Hypotheſes we main- 
tain, and take away our Author's imaginary Funiculus; it will 
not be requiſite for uson ſuch occaſions to examine his particu- 
lar Afſertions and Explications. Which Advertiſement we hope 
the Reader'will be pleaſed to hear-in mind, and thereby fave 
himſelf and us the trouble of a great deal of unneceſfary re- 
petition. : Wherefore preſuming be will do ſo, we ſhall not 
ſtay to examine the firſt and ſecond Corollaries, which in his 
Oo 2 17 Chap- 
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' 17 Chapter he annexes to the manner of emptying our Recei. 
verby our Pump. Neither ſhould weſay any thing as to his thirq 
and laſt Corollary, but that we think fit to deſire the Reader 
to take notice, that according to what he teaches in that place, 
the more the Air is rarefied, the more forcibly it is able to con. 


trac it ſelf. 
A defence of our 1. and 2, Experiments. 


And to proceed now to his 18 Chapter, which he intitles De 
Experimentis Boylianis, we ſhall find according to what we 
lately noted, that againſt the firſt Experiment he objeQs no- 
thing ſave that, if one of the Fingers be applied to the Oritice 
of the Valve when the Pump is freed from Air, the Expeti. 
menter ſhall feel to his pain that the Sucker is not thruſt in. 
ward by the external Air, but, as the Finger, drawn inward 
by the internal. But this Phenomenon of the intruſion of the 
Finger into a Cavity, where it finds no reſiſtance, having been 
formerly accounted for according to our Hypotheſis, we ſhall 
not need to repeat our Explication of it ; though this miſts- 
ken Phenomenon ſupplies our Adverſaty with divers of his fol- 
lowing Animadverſions, and indeed with a great part of his 
Book. And accordingly his Objection againſt our Second Ex. 
periment being of the ſame nature with that againſt the firſt, re- 
quires but the ſame Anſwer : For it will not alter the caſe that 
he adds upon this Experiment, Hoc efſe diſcrimen manifeſtum 
inter preſſuonem &» ſutionem, quod ſudtio efficiat hujuſmod; ad- 
heſionem, preſſio autem minime ; finceto ſay lo is but to affirm, 
not to prove. 


The 3. Experiment, 


What our Author would except againſt the 3. Experiment he 
ought to have — expreſt: For whereas of a Diſ- 
courſe wherein | deliver ſeveral particulars, he only. fays that 
Nullatenws ſatis facit, ut legenti conſtabit ; T would not do the 
Reader the injury to ſuſpe@ him of taking this proofleſs Aſler- 
tton for a rational Confutation; eſpecially fince upon the re- 

view 
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view of that third Experiment I find nothing that agrees not 
with my Hypotheſis, however it may diſagree with the Exa- 
miners. But, to conſider the Explication he ſubſtitutes in the 
room of our DoGrine, which he rejects, he gives it us in theſe 
words 5 Hoc quogz Experimentum principiis noſtris optime conve- 
mit « Cum enim per illam Emboli depreſſionem ater in cavitate brachii 
incluſus ſeparetur ab eodem brachio, deſcendatq; ſimul cum Embo- 
lo (uti de aqua ſimul cum argento vivo deſcendente capite decimo 
tertio vidimws ) fit ut in tota illa depreſſione, nove ſemper ab atre 
io deſcendente ſuperficies deripiantur ſimul & extendantur, ut 
ibidem de aqua eſt explicatum + cum itaqgz eque facile diripian- 
tur & extendantur hujuſmodi ſuperficies in fine depreſſionis ac 
initio, mirum non eſt quod eadem utrobiq; ſentiatur deprimen- * 
di difficult as. 

By which though he ſeems to intend an Oppoſition to that 
part;zof the third Experiment which I oppos'd not againſt his 
Opinion, but that of ſome learned Vacuilts : Yet (not to men- 
tion that he' ſeems: to have ſomewhat miſtaken my ſenſe) he 
offers nothing at all to invalidate my inference againſt them 
but inſtead of. that propoſes a defence of his own Opinion, 
which ſuppoſes the truth of his diſproved Zpotheſs, and is 
either unſatisfactory even. according to that, or elſe diſagrees 
with what himſelf hath taught us but a little before. For 'tis 
evident that the more the Sucker is depreſs'd, the more the 
Cylinder is exhauſted of Air. And in his third Corollary 
(which we lately deſired the Reader to obſerve) ſpeaking of the 
Air in the Receiver(and the caſe is the ſame with the Air in the 
Cylinder) he affirms more than once, Eo magzs extendi ac rarefe- 
eri atrem reliGum, quo plus inde exhauritur, majoremque proinde 
acquirere vim ſeſe contrahendi, Whereas here he would have 
us believe, that the little internal Air that was 1n the Cavity 
of the ſhank of the Stop-cock, does as ſtrongly retra& the 
Sucker, or, which 1n, our caſe is all one, reſiſt its depreſſion, 
when the Sucker 1s yet near the top of the Cylinder, (and cons» 
ſequently when the included Airis but a little dilated) as when 
the ſarne Sucker being forced down to the lower part of the 

Oe. Cylinder, 
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Cylinder, the fame portion of remaining Air mult be exceed. 
ingly more diſtended. 


The 4. Experiment. 


In the Fourth Experiment, touching the ſwelling of a Blad. 
der upon the removal of the ambient Air; and proportionably 
to that removal : Our Author obje&s nothing againſt the Ex. 
plication we give of it by the Spring of the Air included in 
the Bladder, and diſtending it according as the preſſure of the 
ambient Air is weakned. But he endeavours alſo to explicate 
it his way, to which he ſays this circumſtance does excellent. 
ly agree, that upon the regreſs of the external Air into the 
Receiver, the tumid Bladder immediately ſhrinks, becauſe 
(faith he) by ſuch ingreſs of the external Air, the Air in the 
Receiver, which drew the ſides of the Bladder outward from 
the middle of it, is relaxed. Which Explication whether it 
be more natural than ours (that aſcribes the ſhrinking of the 
Bladder to the preſſure of the Air that is let intothe Receiver) 
let the Reader judge, who has confidered what we have for- 
merly objected againſt the Examiners Fzniculav, and the Re- 
laxation of it upon the admiſhon of Air. 

As for the reaſon likewiſe he adds, why a perforated Blad- 
der does not alſo ſwell, namely, that by the hole, how little 
ſoever, the included Air is ſack'd out by the rarefid ambient, 
we leave it to the impartial Reader to confider whether is the 
more genuine Explication, either ours ( againſt which he has 
nothing to objet) or his, which to make clearly out he ought 
(according to what we formerly noted diſputing againſt his 
Funiculws ) to ſhew us what kind of ſtrings they are 5 which 
though, according to him, ſtrongly faſtned to the infide of the 
Receiver and the ſ#perficies of the Bladder, muſt draw juſt as 
forcibly one as another, how long ſoever they be without the 
Bladder in compariſon of thoſe that within the Bladder draw 
ſo as to hinder the diduQtion of its ſides. For: Experience 
ſhews, that in a perforated Bladder the wrinkles continue as 
if there were no drawing at all. F 
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And though he could deſcribe how ſuch a ſti ing may be con- 
text, yet our Explication will have this advantage in point of 
probability above his, That whereas he denies not that the Air + 
has Spring and Weight, as we deny his Funiculzs to have any 
other than an imaginary exiſtence 3 and whereas he acknow- 
ledges that by the Inſtrument the Air about the Bladder is 
exhauſted ; to ſhew that there needs no more than that, and 
conſequently no Funiculaz, to draw aſunder the ſides of the 
Bladder, we can confirm our Explication by the formerly- 
mentioned Experiment of the ingenious Paſchal, who carry- 
ing a flaccid Foot-ball from the bottom to the top of an high 
Mountain, found it to ſwell proportionably as he aſcended, 
and as the weight and preſſure of the ambient Air decreaſed,. 
and likewiſe to ſhrink again as he deſcended. And yet in 
this caſe there is no recourſe to be had to a Fxxiculas of vio- 
lently-rarefid Air to draw aſunder every way the ſides of the 
Foot-ball. But however the Examiner will be ableto defend 
bis Explication, it may ſuffice us that he has objeQted nothing. 
againſt ours. 


The 5. Experiment. 


Againſt the cauſe we aſlign of the fifth Experiment he like- 
wiſe objecs nothing, but only aſcribes the breaking of the. 
Bladder to the {c}t-contraQtion of the rarefid Air inthe Recei- 
ver. And therefore referring the Reader to what we have. 
newly faid about thelaſt Experiment, we wall with our Author: 
paſs overithe ſixth and ſeventh, to which he has no quarre], 
and proceed to the eighth. 


The 8. Experiment: 


' This is that wherein we mention our having broke a Glaſs- 
Receiver, which was not globular, by the exhauſtion of molt 
of the inward Air, whereby its debilitated preflure became un- 
able to refi(t the unweakned preſſure of the outward Air. But: 
thisExplication the Examiner confidently rejeQs in theſe words, 
At profe@&o non widetur credibile, molliſſumum bunc —_ tamwve- 

ementer: 
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hementer vitrum (tante preſertim craſſutudinis quante ihidem 
dicitur) undiq; fic comprimere ut illud perfringat : as1f it were 
more credible that the little Air within (which, according to 
him, is ſo much thinner than common Air) ſhould beable to a& 
more powerfully upon the Glaſs than the Air without, which 
| himſelf confeſſes to be a heavy body, and which not only 
reaches from the ſurface of the Earth to the top of the higheſt 
Mountains, but which (as may not  improbably be argued 
from what we have elſewhere delivered ) may, for ought we - 
know to the contrary, be heaped upon the Receiver to the 
height of ſome hnndreds of Miles, nay, to I know 
not how many thouſands, in caſe the Atmoſphere 
be not a bounded portion of the Air, but reach as 
high as It. | : : 

As for the Explication he ſubſtitutes in theſe words, Yeriw 
itagz reſpondetur, ideo ſec fraFum eſſe illud vitrum, quia per ex- 
hauſtionem illam latera ejms vehementius introrſum ſint attra7a, 
quam ut (ob figuram illam reſiſtendo minus idoneam) reſiſtere po- 
tuerint. Cum enim incluſus atr lateribus vitri firmiſſeme adhe- 
reat, nihil aliud erit atrem illum ſic exhaurire, quam ſatagere lt- 
tera vitri introrſum fleFere : By what we have already diſcour- 
ſed about the Furiculus, the Reader may eaſily diſcern what 
is to be anſwered. | Nor does our Author here ſhew us an 
way by which his imaginary ſtrings ſhould take ſuch faſt hold 
of the ſides of the Glaſs, as to be able to draw them together 
notwithſtanding the reſiſtance they find from the cloſe texture 
of the Body to bebroken. + 


The 9. Experiment. 


Our Explication of the ninth Experiment he handles very ſe- 
verely: for having briefly recitedit, he propoſes his Objection 
againſt it thus, Sed profeFo nimis longe videtur hoc 2 veritate 
recedere : poteſtq; vel inde ſolum ſatis refutari 3 quia ſi tanta ſit 
preſſura atris ſic per tubum illum in phialam deſcendentis, ut ip- 
fam phialam perfringat, deberet profeFo incluſam aquam, cni inm- 


mers 
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weroitur ille tubus, valde quogs ante frationem phiale commo- 
vere, bullulaſq; in eadem excitare, ec. ut conſtat, ſiquis, inſaf< 
flando per ilum tubulun, aquan vel mediocriter ſic premat. At 
certum eſt aquam, antequam frangatur ſic phiala, nec tantillum 
moveri « ut experienti conſtabit. | 

But, I'do confeſs, I do for all this think our Explication'more 
true, than well conſidered by our Author. For the putting 
of water into the Vial that was broken, was done (as is clearly 
intimated 1n the begpaningen our Narrative) upon a particular 
| defign (as indeed we tryed divers other things with our Engine, 
not ſo much with immediate reference tothe Spring of the Air, 
as to make uſe of ſuch Tryals in ſome other of our Writings.) 
And accordingly in the ſecond Tryal mentioned in the fame 
Experiment the water was omitted. But, notwithſtanding 
this water, the ſides of the Glaſs being expoſed to the preſſure 
of the-Atmoſphere, had that whole preſſure againſt them before 
the exhauſtion of the Receiver; ſo that there needed no ſuch 
blowing in of the Air afreſh as our Author imagines, to effe& 
the breaking of the Vial, it being ſufficient for that purpoſe, 
that the preſſure againſt the convex ſuperficies of it was taken 
off by the exhauſtion of the Receiver, the preſſure againſt the 
concave ſuperficies remaining as great as ever. And therefore 
we need not altogether deny what the Examiner fayes that 
Licet clauſus ſuperne fuiſſet tubulus ille, eodem tamen modo frat z 
ſine dubio fuiſſet phiala. For, ſince in ſuch caſes the Air (as we 
have often taught) is ſhut up with the whole preſſure of the 
Atmoſphere upon it, it may almoſt as eaſily break the Glaſs as 
if it were-unſtopt. And accordingly we mention in the 36. 
Experiment the breaking of a thin Glaſs Hermetically ſeal'd 
upon the receſs. of the ambient Air. But, how confidently 
ſoever our Author ſpeaks, I thought fit to adde the word al- 
oſt, becauſe we obſerved in the 39 Experiment, that ſuch 
thin Vials (and thick ones will not break) are ſubje& upon the 
withdrawing of the ambient; Air. to retch a little, whereby-the 
Spring.of the Air within the Vial might in ſome caſes (I fay, in 
ſome) be ſo far weakned as not to be able to break it, unleſs 
: P p | a{liſted 
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aſſiſted by the preflure of the Atmoſphere wherewith it com- 
municates, and which leans upon it. And when the Vial does 
aQually begin to break, then the purſuing preſſure of the out. 
ward Air upon the yielding Air within the Vial may help to 
throw the parts of the Glaſs more forcibly aſunder. 

All the Experiments from the 9. to the 17. excluſively our 
Examiner leaving uncenſured, we may with him advance to 
the conſideration of the 17. | | 


The 17 Experiment defended. 


In this we relate how, when we made the Torrice/an Ex. 
periment, we ſhut up the reſtagnant Mercyry together with the 
Tube and the ſuſpended Mercurial Cylinder (of about 29g, 
Inches) in our Receiver, that by drawing off and letting inthe 
Air at pleaſure upon the reſtagnant Mercary, and conſequently 
weakning and increaſing its preſſure, we might make it more 
clearly appear than hitherto had been | done by Experiment, 
that the ſuſpenſion of the Mercurial Cylinder, and the height 
of it, depended upon the greater or leſſer preſſure of the Air, 
But againſt our Explication of this Experiment (which has had 
the good fortune to convince and fatisfie many ingenious men) 
the Examiner objects nothing in particular, contenting himſelf 
to have recourſe here alſo to his Fariculas. Yet two obſer- 
vations of ours he is pleaſed to take notice of. | 

The firſt is, that though the Quickſilver were exaCtly ſhut 
up into our Receiver after the manner newly declared, yet the 
ſuſpended Quickſilver did not deſcend: whence having faid 
that I argue, that it is now ſuſtained not by the Counterpoile 
of the Atmoſphere, but by the Spring of the Air ſhut up'in 
the Receiver, he ſubjoyns onely this, Sed refiws ſant'infertur, 
Cylindrum illum nihil ibidem antea preſtitiſſe. But whether 
this be not gratis diFam we leave the Reader to colleft from 
what we have formerly diſcourſt in the ſecond Part of this De- 
fence of the Spring of the Ait 5 eſpedially*from that Expeti- 
ment; by which it 'appears, that Spring may 'Taſtaih afar 
higher Cylinder of Quickſilver; + to» = == "_ 
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In the ſecond Obſervation he mentions of ours, he ſummari- 
ly recites our Explication of the deſcent and aſcent of the 
Mercury 1n the Tube, by the debilitated and ſtrengthned Spring 
of the Air. But without finding fault with our application of _ 
that principle to the Phenomena, he ſayes that he has ſufficiently 
refuted the principle it {elf in the fourth Chapter, (which how 
well he has done we have already ſeen) and therefore expli- 
cates the matter thus; Dico zgitur (ſayes he) argentum per illans 
exhauſtionem ſic in tubo deſcendere, quod deorſum trahatur ab 
aire qui incumbit argento reſtagnanti: ſiquidem incumbens ille 
atr jam per exhauſtionem valde rarefaFm & extenſus, ſeſe vehe- 
menter contrahit, @ contrahendo conatur etiam ſubjeFum ſibs 
argentum reſtagnans e ſuo vaſeulo elevare, unde fit ut (argento 
illo reſlagnante minus. jam gravitante in fundum ſui vaſculi) 
argentum quod eſt in tubo deſcendat ;, ut per ſe patet. Adeogz 
mirum non eſt, quod, ingrediente poſtea atre externo, rurſum - 
argenturm aſcendat, cum per illum ingreſſum vis illa ſic elevans 
argentum reſtagnans debilitetur. But this Explication ſuppoſing 
ſuch a Funiculus as we have already ſhewn to be but fictitious, 
the Reader will eaſily gather what is to be judged of it from 
what has been already delivered. Wherefore I ſhall onely 
ſubjoyn, that by this Explication, were it admitted, there is 
onely an account given of that part of our ſeventeenth Experi- 
ment which relates to the deſcent of the Mercury below its 
wonted height, and its re-aſcent to it. But as for our having 
by the forcing in ſome more Air into the Receiver, impell'd 
the Quickſilver to a confiderably-greater height than 'tis wont 
to be ſuſtamd at in. the Torriceliarn Experiment, I confeſs I 
underſtand not how the Examiner gives an account of it 7 the 
following words, (whichiare immediately annex'd to-thoſe' we 
laſt recited of his, and which are all that he employes to ex- 
plicate this notable Phenomenon) Atq;, hinc etiam redditur ra- 
tio alterius quod ibidem quoqz notatur,  nempe quod per violentan 
intruſlonem atris externi in Recipientem, aſcenderit argentum 
notabiliter ſupra digitos 29%. Nam ſtent per extrationem atris 
argentum infra ſtationem detrahitur, ſic etiam per intruſjonem 
P Þ 2 n0ut 
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0vi ſupra eandem elevabitur. For in this pallage I fee not how 
he himſelf does not rather repeat the matter of faq, than giye 
any account how it is perform'd. And if it be alledged on his 
behalf, That according to his principles it may be faid that, 
upon the preſſure of adventitious Air upon the reſtagnant 
Mercury, the Funicalus in the Tube, that was not able before 
to draw it up above 29: Inches, is now enabled to draw itup 
higher; I demand upon what account this new Air does thys 
preſs againſt the reſtagnant Mercxry, and impell up and ſuſtain 
that in the Tube. It will not be faid that 'tis by. its weight; 
for as much Mercury as may be thus impell'd up above the uſaa] 
ſtation will weigh a great _ times more than the Air forc'd 
into the Receiver. And therefore it remains that the additional 
Air counterpoiſes the additional Mercnry by its Spring. And 
if we conſider withall, that there's no reaſon to doubt, (eſpeci- 
ally conſidering what we have formerly delivered upon tryal 
touching the power-of compreſt Air to 1impell up Quickſilver) 
but that, had we not been afraid of breaking our Veſle] we 
might by forcing more Air into the Receiver have impelld it 
up to the top of the Tube, and kept it there; we ſhall ſcarce 
deny but that, ſuppoſing there could be no ſuch Fxriculus as 
our Examiner's 7: rerum natara, the preſſure of the incumbent 
Air alone might ſuffice to keep a correſpondent Cylinder of 
Mercury ſuſpended : and that without any attraGion of the 
reſtagnant Mercury by a Funiculws of violently-diſtended Air 
in-the Receiver, the Quickſilver in the Tube may be made to 
reſt at any height greater or leſler,provided it exceed 30 Inches, 
onely becauſe its weight is juſt able to counterbalance the 
preſſure of the contiguous Air. | | E-- 
I know not whether I may not adde (to expreſs an unwil- 
lingneſsto omit what ſome may think proper to-do my Adver- 
fry right) that it may be ſaid for the Examiner, that he in the 
11 page acknowledging with us a power in-the Air to recover 
its due extenſion if it be crouded into leſs room than its diſpo- 
ſition requires; a man may from that principle ſolve the Phe- 
#omena in queſtion by ſaying, that the Air in the —_— 
cing 
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_ being forcibly compreſt by the intruſion of freſh Air into the 


me veſſel, does by its endeavour to recover its due expanſion 
preſs upon the reſtagnant Mercury, and force up ſome of it into 
the Tube. But this Explication, though it agree with what 
the Author teaches in a place very diſtant from hi Notes upon 

our }7 Experiment, now under debate; yet (till 'tis not clear 
tome how, by what he ſayes in theſe Notes, the Phenomenon 

isaccounted for as the word F7inc imports it to be. But other- 
wiſe I need not quarrel with the Explication, fince without 

recurring to the Fxuriculxs for the ſuſtaining of the additional 

Mercury, the ſolution of the Phenomenon is given upon the 

fame principle that I employ. 


The 18 Experiment. 


Our Examiner in- his Animadverfion upon the 18 Experi” 
ment, having recited my Conjecture as the cauſe why a Cy- 
linder of Mercxry did in Winter riſe and fall in the Tube, ſome: 
times. as Water is wont to do 1n a Weather-glaſs, according 
to the laws of heat and cold, and ſometimes quite contrary 
thereuntoz adds, that this Experiment does ſtrongly enough 
overthrow our Hypotheſ;s of the Atmoſpherical Cylinder, and 
clearly ſhew that the Quickſilver is not ſuſtained by it : Naz 
(fayes he) ſ# hic ab eo ſuſtentatum fuiſſet, debuiſſet potins frigi- 
diore termpore aſcendere quam deſcendere, eo quod atr tunc multo 
denfior efſet & gravior. ltaqz, non ſuſtentatur argentum ab atris- - 
equipondio, ut aſſeritur. And by the ſame Argument he con- 
cludes againſt the Mercury's being ſuſtained by the Spring of 
the Air. But in his Animadverfions upon this Experiment he 
ſeems to.have been too forward to-reprehend;. for he neither 
well confutes. my. ConjeQure, nor ſubſtitnates ſo much as a 
plauſible one in the ſtead of it. And as to his ObjeCtion [ 
anſwer, 

Firſt, That it doth not conclude: becauſe that as ſometimes- 
the Quickſilver in the Tube did riſe in warmer, and fall in 
colder, weather; ſo at other times it did rather emulate the 
aſcent and deſcent of water in a Weather-glaſs. 


Pp 3 Secondly, 
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Secondly, Though it be true, that Cold is wont to condenſe 
this or that parcel of Air, and that a parcel of Air may be 
xnade heavier by Condenſation; yet that 1s 1n regard of the 
ambient Air that retains its wonted laxity, in which the con- 
denſed Air is weighed. But our Author has not yet proved, 
that in caſe the cold of the Winter ſhould condenſe the whole 
incumbent Atmoſphere, it would then gravitate ſenſibly more 
upon the reſtagnant Quickſilver than before. As a Pound of 
Wooll will not ſenſibly vary its weight, though the hairs 
whereof it is compoſed be made to lie ſometimes 1n a looſer, 
ſometimes in a cloſer, order. 

And, thirdly, this Obje&ion does as little agree with his 
Dodtrine as with my Conjecture: For in the 50. page, where 
he gives us an account according to his principles of the riſing 
and falling of water in a Weather-glaſs, and compares it with 
the ſuſpenſion of Quickſilver, he tells us, Hzc fit quod, con- 
tradto hoc funiculo per frigns, aqua illa tempore frigido aſcendat, 
deſcendat autem tempore calido, eo quod per calorem funiculus 
ille dilatetur. Sothat, according to the Examiner himſelf, the 
Quickſilver ought to have aſcended in colder, and deſcendedin 
warmer, weather. Now, although I propoſed my thoughts 
of the difficult Pheno-ren0n under confideration but as a Con- 
jequre; and therefore ſhall be ready toalter them, either upon 
further diſcovery, or better information ; yet I ſee not why it 
ſhould be poſt-poſed to the Examiner's, who, though he re- 
jets our Explication, ſubſtitutes no other than what may be 
gathered from theſe words, Ego certe 0 dubito quin dentur hu- 
Juſmodiocculte cauſe,quibus funiculus ille ſubtilis quo in tubo ſuſpen- 
ditur argentum (ut diFum eſt capite decimo) modo producatur,modo 
abbrevietur, ec. ſicq;, argentum nunc demittat, nunc elevet. For, 
ſince we have made it probable that the copious Fumes ſome- 
times ſuddenly aſcending into the Air, and rolling up and 
downin it, ſometimes ſenſibly altering (if good Authors may 
be credited) the refrattion of it, and fince ſome other cauſes, 
mentioned in our eighteenth Experiment, may alter the denſity 
and gravity of the Air that leans upon the reſtagnant Mercury; 
ſuppoſe 
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ſuppoſe the Reader will think it more intelligible, and pro» 
bable that alterations, other than thoſe produced by heat ang 
cold may happen to the incumbent Atmoſphere, which freely 
communicates with the neighbouring Air, and may thereby 
become ſometimes more ſtufft, and ſometimes more deſtitute 
of adventitious Exhalations ; than that ſuch changes ſhould 
happen to a Furiculus included in Glaſs, which according to 
our Author is impervious to the ſubtileſt ſteams that are, and 
concerning which he offers not ſo much as a ConjeQure upon 
what other account it can happen to be ſometimes contracted, 
and ſometimes {tretch'd, 


The 19 Experiment, 


Upon this the Examiner has onely this ſhort Animadver- 
fion, In: decimo nono oftendit aquam eoderm modo per exhauſtio- 
ne Recipientis deſcendere, quo in precedente deſcendere oſten- 
derat argentum vioums cujus cum eadem fit ratio, non eſt cur 


_ amplius ei inſiſtamus. In which words fince he offers nothing 


new or peculiar to ſhew any incongruity in our Explication io 
our principles, which agree very well with the new Phenomena 
of the Experimentz we are content to leave the Reader to 
judge of the Z7ypotheſes themſelves, which of the two is the 
more probable, either ours, that onely requires that the Air in 
the Receiver ſhould equally refiſt a Cylinder of Water and of 
Quickſilver, when their weight is but the ſame, though their 
altitudes be not; orthe Examiner's, which exaQts that(according 
to what we formerly elſewhcrenoted) Bodies of ſuch differing 
nature and texture as Quickſilver and Water ſhould need but juſt 
the ſame weight or ſtrength to raretie theminto a Fxnziculas. 


The 20 Experiment. 


In his Examen of this Experiment our Author makes me in=- 
fer from the Phenomena he repeats, that not onely the Air, 
but the Water alſo has x Spring. But though I ſaſpec not that 
he does wilfully miſtake my ſenſe, 'yet by what I write in this. 
and the following Experiments the Reader may well enough 
perceive, 
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perceive, that I ſpoke but very doubtfully of a Spring in the 
water; nay, and that I did in the 154 page expreſly teach, 
That the intumeſcence of it might (at leaſt 1n great part) pro- 
ceed from that of the ſmall parcels of Air, which I thought to 
be uſually harboured in the body of that liquor. 

But whereas I aſcribe the appearance of the Bubbles in the 
water to this, that upon the exhauſtion of ſome of the Air in. 
- cumbent on the water, the preſſure of what remains is much 

dcbilitated, whereby the little Particles of Air lurking in the 
Water are allowed to expand themſelves into bubbles, 

ay he reje&s this Explication as manifeſtly falſe: Nay 
' (fayes he) ft ita fieret, deberent profeFo hujuſmodi 
bullule non e fundo vaſtis ſic aſcendere, (uti tam in hoc quan in 
Sequentibus experimentis in quibus de iſtis bullis agitur ſemper 
aſſeritur ) ſed e ſuperiore parte aque, ubi minus premuntur, ut 
per ſe eſt manifeſtum. But why he ſhould be here ſo peremptory 
I confeſs I do not, for all this ObjeQiion, yet ſee: For in the 
bottom of the next page he fayes, he will not deny bur that 
Aerial Particles latitant 1n the other parts of the water (he had 
before ſpoken of the bottom of it) may be extended into bub. 
bles by his way of Rarefation. And that we particularly 
mentioned the riſing of bubbles, even from the bottom of the 
water, was becauſe that circumſtance ſeem'd to deſerve a pe- 
culiarnote;z and not (as he ſeems to imagine) as if the bubble 
did not alſo riſe from the ſuperior parts of the liquor, fincewe 
did take notice of it about the middle of the 

Sce alſo inthe 43 149 page. And we ofcen in thisand the follow- 
>. inns Anthinef. ing Experiments obſerv'd, that the aſcending 
ferveſcence was ſo bubbles grew bigger the nearer they came to 
+ gg 2: the top. Which agrees more clearly with our 
alfo,—The £fferve. ZZypotheſis wherein.their conſpicuous ſwelling 
ow ns _ jo. as they aſcend is attributed more to the leſſen- 
ware unleſs, G, ingoſthe preſſureoftheincumbent Air than to 

thedecrement of the weight of the incumbent 

water, (ſince when the ſurface of this liquor is lean'd upon by 
the Atmoſphere, theaſcending bubbles ſcarce ſenſibly increaſe 
in 
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in Veſſels no deeper than ours) then with the Explication which 
the Examiner gives in theſe words, Reſpondeo, aquam per illant 
aeris exhauſtionem non ſponte ſic aſcendere, ſed ſurſum violenter 
trahi, acelevari ararefa&o illo atre ſeſe contrahente. Yuemadmo- 
dum enim aqua aliqualems patitur compreſſionem (ut experienti4 
conſftat ) ita & aliqualen quogz hic patitur diſtentionem. Atq; 
hinc clare patet, cur potins a fundo vaſis quam a parte aque ſuperi- 
ore oriantur hujuſmodibulle. Cumenim vehemens illa ſudtio co- 
netur aquar 4 fundo phiale elevare, naſcitur ibidem ſubtilis que- 
dam materia que in bullas converſa fic aſcendit, uti capite decimo 
quinto in quarto E-xperimento dium eſt. For, whatever he may + 
think, 1t does not hence {o clearly appear. how the endea- 
vour only of the Fxniculzs to draw up the Water from the 
bottom of the Vial, to which, that endeavour notwithſtand- 
ing, it remains contiguous, ſhould generate in ſome parts of the 
bottom of the Glaſs, and not in others, ſuch a ſ{ubtile matter 
as he tells us of, And I ſuppoſe the Reader will, as well as I, 
wiſh he had more intelligibly declared how this ſtrange gene- 
ration of ſubtile matter comes to be effected. And I preſume 

it will likewiſe be expected that he alſo declare, why both in 


- our caſe and in the Torrice/;zan Experiment the bubbles grow 


ſo much larger by being nearer the top of the liquor 3 if, as 
he rejects our Explication of this Circumſtance, the effect of 
the ſuction he ſpeaks of be greater upon the lower part of the 
liquor than the upper, to which alone nevertheleſs his Fanz- 
clas, that is ſaid ſoto draw the liquor, is contiguous, 

Our Author making no particular Objection againſt the 10 
tollowing Experiments, we alſo ſhall paſs them by, and fall with 
him upon the confideration of the 31 Experiment. 


The 31 Experiment. 


Upon this our Author having recited our Conjecture asthe 
cauſe why two Very flat and finooth Marbles ſtick 1o cloſely 
together, that by lifting: up the uppermoſt you may take up 
alſo the lowermoſt,, approves my: way of examining that Con- 


jure. But whereas I fay that the reaſon why, though the Mar- 
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bles were kept together by the preſſure of the ambient Air, ye 


they did: not fall aſunder in our exhauſted Receiver, no nat 
though a weight of 4 Ounces were bung at the lower ſtone, | + 
might be, that by reaſon of ſome ſmall leak 1n the Receiverthe | þ 


Air could not be fafficiently drawn out : yet he tells us with 
his wonted corfidence, Certum eſſe, ſententiar illam wel hoc ſg. | , 
lo Experimento ſatis refel/j. But poſlibly he would have ſpoken Þ| F 
I:{ reſolutely, if he had made all the trials about the adhefiqn | 
of Maibles that we relate our ſ{elvesto have made in the ſhot | y 
Hiſtory we have publiſt'd of Fluidity and Firmmneſs. Forou ff 
Examiner ſpeaks as if all that we aſcribe to the Air in ſuch fx. Þ j 
feriments were to ſuſtain the lower Marble with the weight | - 
perhaps of a few Ounces: Whereas incaſe the Airbe keptfrom | 7; 
getting in at all between the ſtones, it may (according toow | þ 
Hypotheſis ) ſuſtain a Weight either altogether or well-nigh © i 
£qual to that of a pillar of Air as broad asthe Baſts of theloy. 
er Marble, and as long as the Atmoſphere is high, or to the 
weight of a pillar of Quickſilver of the ſame thickneſs, and 
about 3o Inches long ; theſe two pillars appearing by the Ty 
rice/lian Experiment to counterpoiſe each other. And therefore 
ſince in theſeventeemth Experiment, when we had exhauſted 
our Receiver as far as we could, there remain'd Air enough to 
keep up in the Tube a Cylinder of aboutan Inch long of Quick- 
filver; and fince the broader the contiguous Marbles are, the 
greater weight faſtned to the lowermoſt may be ſuſtain'dby the 
refiſtance of the Air, (as is obvious to him that conſiders the Hh: 
_ potheſis, andas we have proved by Experiment in the foremer- 
tioned Tra@) it need be no wonder that the Air — 
the Receiver ſhould be able to ſupport the lowermoſt Marble, 
whoſe Diameter was near two Inches, and a weight of four 
Ounces, thoſe two Weights being inferior tothat of a Mercurial 
Cylinder of that Diameter and an Inch in length. And 
though it were not, yet we are not ſure that the Receiver was 
as well emptied when we made the 31 Experiment, as when 
we made the'17. And (if: my Memory does not much mif- 
inform me) 'twas with the ſame pair of Marbles that in the 
preſence: 
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preſence 'of an 1luftrions Aſſembly of Virtzoſs (who wete 
Spetators of the Experiment) the uppermoſt Marble drew up 
the lowermoſt, though that were cloggd with a weight of a- 
bove 430 Ounces. 

As for the account the Examiner ſubſtitutes of our Pheno- 
menon, I know not whether many Readers will acquicce in it : 
For, not to inſiſt upon the ObjeCtion which himſelf takes no- 
tice of, that according to him the diſtended Air in the Recei- 
ver ſhould draw aſunder the adhering Marbles; his Explication 
ſuppoſes that there cannot naturally be a Vacuum, whence he 
infers that, Neceſſe erat ut lapis ille non aliter deſcenderet, quam 
relinquendo poſt je tenuem hujuſmodi ſubſtantiam, qualis ab argen- 
to vivo aut aqui ſic deſcendentibus relinqui ſolet. But whereas 
he adds, that the cauſe of the obſtinate adheſton we meet with 
in our caſe 1s, that ſuch a ſubſtance is far more difficult to be ſe- 
parated from Marble than from Quckilver or any other kind 
of Body; that Aſſertion is precarious. And though I have 
tried Experiments of this nature with ſtones of ſeveral ſizes, 
perhaps an hundred times, yet I never could find that by their 
coheſion they would ſuſtain a weight greater than that of a 
Pillar of the Atmoſphere that preſt againſt the lowermoſt:: 
Which is a conſiderable Circumſtance, that much better agrees 
with our Explication than our Adverſaries. And whereas he 
further ſays, Ode exiſtimoplane, ſs perfeFe complanata fuerint 
duo marmora ſic conjunita, ita ut nulſus omnino atr inter utrumq) 
mediaret, non poſſe ea ullis humanis viribus ab invicem divelli : 
I hope I need not tell the Reader, that whether or no this a- 
gree with what he had immediately before taught of the ſepa- 
rablenefs of a ſubtile ſubſtance even from Marble, fo bold and 
Improbable an Aflertion requires the being countenanc'd with 
a much better proof than the only one he ſubjoyns in theſe 
words, Otz etiam confirmat exemplum quod ibidem adducit Au- 
thor de laming enea, tabule cuidam marmoree ita adherente, ut 
4 lacertoſo. juvene, de ſuis viribus gloriante, non potuerit per an- 
nlum centro ejus affixum inde elevari. For ſure there is great 


odds betwixt the ſtrength of a man unaſfliſted by any En- 
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gine, and the utmoſt extent of Humane Power. And indeeqg 
accor ing to our Hypotheſis, and without having recourſe tg 
Natures dreading of a Vacuum, the caſe is clear enough : For, 
ſuppoſing the Plate to be of any conſiderable breadth, the 
Pillar of the Atmoſphere that lean'd upon it, and muſt at the 
inſtant of its deferting the ſyperficies of the Table all at once 
be lifted up with it, may well exceed the force of a fingle 
man, eſpecially in an inconvenient poſture 3 fince by the co- 
heſion of a pair of Marbles of about three Inches Diameter, 
I did with my own hands take up above a thouſand and three 
hundred Ounces. 


The 32 and 33 Experiments. 


Apainſt our Explication of theſe two, which our Author 
. examines together, he obj<Q&s nothing peculiar, but contents 
himſelf tocxplicate them by his Faniculus: Wherefore neither 
ſhall we need to frame any peculiar defence for it, eſpecially 
if the Reader will be pleaſed to refer hither as much of what 
we oppos'd to his Animadverfion on the third Experiment axis 
juſtly applicable to our preſent Controverſie, Our Author 
indeed endeavours to prove his Explication by ſaying, that the 
diſtended Air in the exhauſted Cylinder draws up the Sucker 
with the annexed weight, Eodem fere modo quo videmns in h- 
curbitulis dorſo egrotantis applicatis, in quibus, extinda jan 
flamma, rarefaF us atr ſe contrahens carnem tam vehementer, uti 
videmnus, elevat attrahitq; intra cucurbitulam. But that Phe- 
2omenon is eafily enough explicable in our Hypotteſis, by lay: 
ing, thatupon the vaniſhing of that heat which ſtrengthned the 
preſſure of the included Air, the Spring of it grows too weak 
to reſiſt any longer the preſſure of the ambient Air; which 
thereupon thruſts the fleſh and neighbouring blood of the Pa- 
tient' into the Cupping-glaſs, almoſt after the ſame manner as 
we formerly taught the Pulp of the Finger to be thruſt into 
the deſerted Cavity of the Glaſs-Tube in the Torrice/ian Ex- 
periment. 


The 
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The 34, 35 and 36 Experiments. 

To theſe our Author ſaying nothing but this, [- bis tribaus 

nihil peculiariter occurrit hic explicandum, cujus ratio ex jam 


didis non facile pateat 5 we allo may be allow'd to pretermit 
them, and paſs on to | 


The 37 Experiment. 


Of the appearance of Light or Whiteneſs, mentioned in this 
Experiment, the Examiner confeſſes that we have aſſigned a 
cauſe probable enough, by referring it tothe vehement and ſud- 
den commotion of the included Air. And indeed though [ 
do ſtil] look upon ſome of the things that I hefitantly p1o- 
pos'd about this difficult Phenomenon but as mere Conjecures, 
and though he annexes his Explication of it; yet I fee not but 
that it is coincident with ours, or not better than it. For, to 
what I had ſaid of the "Commotion of the parts of the Air, . 
he adds only in two or three ſeveral places their being violent- 
ly diſtended ; which how it improves the Explication of the 


' Phenomenon | do not readily ſee. And whereas he ſubjoyns, 


Exiſtimo autem dicendum potins candorem illum eſſe lumen quod- 
dam reflexum, quam innatum, eo quod (ut teſtatur Author ) in 
tenebris non appareat, ſed ſolum de die aut accenſa candela: I 
preſume the attentive Reader will eafily diſcern that his Opi- 
nion is much-what the ſame that I proposd and grounded on 
the ſame reaſon. But the chief ditficulty in this abſtruſe Phe- 
zzomenon, namely why we meet with it but ſometimes, our 
Examiner's Explication leaves untouchd, 


The 38 and 39 Experiments. 
Againſt theſe our Author makes no peculiar Objections. 
The 40 and 41 Experiments. 


But in his Animadverſions upon theſe, having told the: 
Reader that Iſeem to aſcribe the ſudden extinRtion of the in- 
cluded Animals to the exceſiive thinnels of the Air remaining, 
Qq3 n 
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in the Receiver, made by the reccſs of what was drawn out, 
unfit for Reſpiration ; he adds reſolutely enough, Vern i. 
poſſibile videtur, ut hnjuſmodi animalcula ob ſolum defe@Fum craſ: 
ſroris atris tam cito moriantur : But gives no other reaſon than 
that they dye fo ſoon, which is no more than what he faid in 
the newly-cited words, and befides is grounded upon ſome- 
thing of miſtake. For the Creatures he mentions were a Bee, 
aFly, and a Caterpillar, and thoſe included tooin a ſmall Re- 
ceiver, which could be ſuddenly exhauſted : and theſe indeed 
became moveleſs within a minute of an hour; but that minute 
was not (as the word is often us'd to fignifie in Ergliſh) a 
Moment, but the Sixtieth part of an Hour. And though theſe 
Ines did 1n fo ſhort a time grow moveleſs, yet they were 
not ſo foon killd ; as appears by the Narrative. The ſangui- 
neous Animals that did izdeed dye, were killd more ſlowly, 
And I remember that having purpoſely enquir'd of a man 
(usd to go under water by the help of an Engine wherein he 
could carry Air with him to the bottom of the Sea) how long 

he could endure, before he was accuſtomed to 
See more concer- dye, without breathing or the uſe of a Spunge; 
Rd i the an. he told me, that at firſt he could hold. out 
ſwer roit as *tis about two or three Minutes at a time: Which 
proposd by MI. made me think that Divers become able tocon- 

tinue under Water ſo long, either by a pecu- 
larly-convenient Conſtitution of body, or by a gradual exer- 
ciſe. 'And I am apt to think that he did, as men are wont to do, 
when he ſaid twoor three Minutes, mean what is indeed a much 
{ſhorter time than that whenexaQly meaſured-amounts to. For, 
having purpoſely made trial upon. a couple of Moles that were 
brought me together alive, one of them included in a ſmall, 
though not very ſmall, Receiver was between twa and three 
Minures in killing; whereas the other being immediately after 
detain'd under Water did not there continue full a Minute and 
a quarter, before it finally ceas'd from giving any fign at all of 
life. By which trial it may appear, thattis not 1mpoſible that 
the want of Reſpiration ſhould diſpatch an Animal in as little 
time 
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time as 1s mentioned in the Experiment I am-now defending. 
And indeed our Author either ſhould have proved thar "tis not 
flible for the want of Air to deſtroy Animals fo ſoon, or 
ſhould have given us ſome better account of the Phanomenor, 
For whereas he teaches us, that according to his DoQrine the 
little Animals above mentioned were ſo ſoon kill'd, quiaper ra- 
refa@umillum atrem ſeſe contrahentem extradus ſit eorum halitns : 
I ſee not that hereby, if he explicate the Phenomenon other- 
wiſe than we, heexplains it better; for he ſeems to ſpeak as if 
hethought this halitxs to be ſome peculiar part of the Animal in 
which his life reſides. And beſides he feems not to conlider, 
that whereas, according tomeas well as according to him, the 
Air contained 1n the Lungs (f{uppoling theſe Arimalcnulr have 
any) muſt in great part paſs thenceinto the Receiver, (for whe- 
ther that be done by the Spring of the Air it ſelf, that was har- 
bouredin the Lungs, or the tration of the more rarefi'd Air in 
the Receiver, 1s not material in our preſent cafe) the Exami- 
ner muſt, as well as I, render a reaſon why the extenuation or 
receſs of the ha/itus ſhould cauſe the haſty death of the included 
Animals; and condemning my ConjeQure he ought to have 
ſubſtituted another reaſon: and though he ſubjoyns theſe 
words, and concludes with them, Atq; hinc quog; orte ſunt 
vehementes ille convulſtones, quas ante mortem paſſas efſe avicules 
quaſdam memorat ibidem Author z, yetT doubt not but the Rea- 
der will think it had not been amiſs that the Author had more 
intelligibly reduc'd theſe Tragick Symptoms from his AC 
ſumption, for the ſake of thoſe that are not Anatomiſts and 
Phy ficians enoughto diſcern how his Fariculxs could produce 
theſeeffecs. | 
\ Formy part, asin the 41 Experiment I tenderd my thoughts 
concerning Reſpiration but doubtingly, ſo T am yet unwilling 
to determinerelolvedly in a matter of that difficulty, 


The 42 and 43 Experiments. * | 


' In his Examer of theſe two laſt of our Phyſtco-Mechanica 


Experiments, the Author contents himſelf to endeavour to ex- 
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plicate the Phenomena recited in them by the contraQtion of 
the rarefi'd Air 5 which, according to him, endeavours to draw 
up the ſubjacent water out of the Vial, whereby it vehemently 
diſtends the parts of that water, as he taught in the like caſe 
upon the 20 Experiment. But fince we have already conſi- 
derd his Animadverſion upon that, although this preſumed di. 
tenſion of the water is not viſible that we have obſerv'd, when 
cold water, that has been firſt freed from his interſpers'd Air, 
js put into the Receiver, notwithſtanding that the Fxniculus 
ſhould in that caſe alſo diſtend it; we are fo afraid of tiring 


out the Readers patience by the frequent repetition of the, 


ſame things, that we will leave it to him to judge which of 
the two Explications, the Examiner's or ours, is to be prefer- 
red, without troubling him and our ſelves with defence of 
Accounts againſt which our Adverſary does not here make any 
peculiar Objections. 

And thus have we by God's aſſiſtance conſidered what the 
Examiner hath been pleaſed to oppoſe either againſt our parti. 
cular Explications, or againſt the Zypotheſes that divers of 
them ſuppoſe : Wherein I have been the more particular and 
prolix, becauſe I would willingly excuſe my ſelf and others 
from the trouble of any more Diſputes of this kind. I hope there 
1s not in my Anſwers any thing of Aſperity to be met with ; for 
I have noquarrel tothe Perfon of the Author, or his juſt repu- 
tation 3 nor did I intend to uſe any more freedom of Speech 
in the anſwering his ObjeGions, than his reſolute way of pro. 
poling divers wr, them made iton thoſe occaſions needfull for the 
Caution of. thoſe Readers who are not acquainted with our 
differing ways of writing, and perhaps have not obſerved that 
ſome men are wont to conſider as much what they- propoſe but 
with a Perhaps, or ſome ſuch expreſſion of diffidence, as others do 
what they deliverfar more reſolutely. And though being very 
far from being wedded to my. Opinions, I am ſtill ready to ex- 
change them for better, if they (hill be duly made out to me, 
(which I think it poſſible enough they may hereafter be ; ) yet 
peradventure the Reader will think with me, that the Examicer 

has 
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has not given me cauſe to renounce any of them, ſince the 
ObjeQions he has propos'd againſt me have been ſufficiently 
anſwered, and fince the Hypotheſis he would ſubſtitute in the 
room of ours ( beſides that it 1s partly precarious) ſuppoſes 
things which divers of the eminenteſt Witsof our Age (other- 
wiſe of differing Opinions) profeſs they cannot. admit or ſo 
much as underſtand : Whereas the Weight and Spring of the 
| Air are not denied by our Author himſelf, and are demonſtra- 
ble by Experiments that are not controverted betwixt us. 
Which things I repreſent for the defence of what I think the 
Tyuth, and not to offend my learned Adverſary, who ſhall 
have my free conſent to be thought to have fail'd rather 
in the Choice than in the Management of*the Controverſie. 
Though fince this paſles for his firſt Book, and ſince conſe- 
quently he 1s not like to have been provoked, or engaged in 
point of Reputation, to challenge me or any of thoſe far more 
eminent Perſons he has nam'd among his Adverſaries, I am in- 
ducd by the ſeverity wherewith I have known eminent V7rtuoſe 
ſpeak of his Attempts, and patticularly of his Fzniculas, to 
fear that ſome of thoſe he has needleſly oppos'd, will be apt 
to apply to him that of St. 4»/?ir againſt ſome of his Adverſa- 
ries, that had diſputed againſt him with much more Subtilty 
than Reaſon, [» mala cauſa 01 poſſunt aliter, at malam canſan 
quis eos coegit habere £ But this notwithſtanding I am, as I was 
going to ſay, content my Adverſary ſhould be thought to have: 
aid for his Principles as much as the Subje& will bear; nor 
would I have it made his Diſparagement, that I have declared 
that his whole Book has not made me depart from any of my 
Opinions or Explications, ſince his ZZypotheſss and mine being 
inconſiſtent, it may be looked upon as a fign rather that each 
of us have, than thateither of us have not, reaſon'dcloſely to 
his own Principles, that the things we infer from our contrary 
Suppoſitions do fo generally diſagree. 
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AN EXPLICATION 


RAREFACTION. 


HE chief Arguments of the Author of a certain Trea. 

tiſe De Corporum inſeparabilitate, whereby.he endee- 
vours toinvalidate the Hypotheſis of the Weight and Spring of 
the Air, and to ſet up and eſtabliſh inſtead thereof an unintel- 
ligible Zypotheſis of AttraQion, performed by I know not 
what ſtrange imaginary Fanicxlus, are only Five, two againſt 
the former, and three for the later. The firſt of which is, 
That the Weight and Spring of the Air are not ſufficient to 
perform the Effecs aſcribed to them : The ſecond, that could 
they be performed by that Hypotheſis granted, yet the way of 
this ſtrange Spring it ſelf is not intelligibly explained or ex- 
plicable by the Defenders of it. Now the former of thele 
being little el'e but a bare Affirmation, and the later bearing 
ſome ſhew of Demonſtration, I ſhall endeavour to examine it 
as I find it ſet down in his 20, 21, 22, 23 and 24 Chapters, to 
which (eſpecially the 23) he very often in his Book refers the Rea 
der for ſatisfaction, pretending there toevince that RarefaCtion 
cannot be made out any otherwiſe than by ſuppoſing a body 
to be in 2,3,4, 10, 100, 1000, I000000 of places at the fame in- 
ſtant, and adequately to fill all and every one of thoſe places. 

Firſt therefore, we will examine his Negative, and next his 
Affirmative, Arguments for this ſtrange Hypotheſis. 

His Negative I find in the 20 Chapter, where he endea- 
vours to confute the two ways of explicating the RarefaQion 
and Spring of the Air, namely, that of the Vacuiſts and that 
of the Pleniſts. 


Concerning the firſt of theſe we find him conclude it m_ 
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fible, firſt, becauſe hehad before proved that there can be no 

Vacuum, which being doneby a Circle (viz. There is no Va- 

cum 410.the Tube becaule Nature abhors a Vacuum, and we (ee 

Nature abhorsa Vacuum becauſe ſhe will not ſuffer a Vacunmin 

the Tube above the Mercury, but to prevent it will continu- 

ally ſpin the Quickſilver into ſxzperficzes, and never diminiſh the 

body of it) will ſuffer me to paſs to his next, which is, That 

this way 1s falſe, becauſe in the Experiment of the Carp's Blad- 

der the Air 1s rarefid a 1000 titnes bigger; nay, in reſpe& of 

the body of Gold it has 1000000 times leſs matter in equal 
ſpaces. And this, ſays he, is a Phenomenon that is impoſible 
ever to be made out by interſpers'd Vacuities. Now that the 
VYacuiſts cannot preſently, by ſo bold an aflertion as this, be 
made to forſake their Principles, he may perceiveby theſe fol- 
lowing Solutions which I ſhall give of all the Phenomena he 
recites, flowing naturally from an Hypotheſis that I ſhall for 
the preſent aſſume. Let us ſuppoſe then the Particles of Bo- 
dies, at leaſt thoſe of the Air, to be of the form of a piece of 
Ribond, that is, to be very long, {lender, thin and flexible 
larting, coyled or wound up together as a Cable, piece of Ri- 
bond, Spring of a Watch, Hoop, or the like, are: We will . 
ſuppoſe theſe to haveall of them the ſame length, but ſome to 
have a ſtronger, others a weaker Spring: We will further ſup- 
poſe each of theſe ſo coyled up to have ſuch an innate circu- 
lar motion, as that thereby they may deſcribe a Sphere equal 
in Diameter to their own, much after the manner that a Meri- 
dian turn'd about the Poles of a Globe will deſcribe by its re- 
volution a Sphere of the ſame Diameter with its own in the 
Air. By this Circular motion the parts of the /a-4ine endea- 
vouring to recede from the Centre or Axis of their motion, 
acquire a Springineſs outward like that of a Watch-Spring, 
and would naturally flie abroad until they were ſtretch'd out 
at leygth, but that being incompaſt with the like on every 
fide, they cannot do it without the removal of them, as not 
having rodtn ſufficient for ſuch a motion. And the faſter this 
circular motion is, the more do the parts endeavour to recede 
bros | Rr 2 from 
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from the ' Axis, and conſequently the ſtronger 1s their Sprin 

or endeavour outward. Theſe ſpringy Bodies thus ſhap'd an 

thus moved are ſufficient 'to produce all the Phanomena he 
names as impoſſible to be explicated. And, firſt, for the by. 
fine of Expanſion, it will very naturally be explained by it; 
As let us ſuppoſe for inſtance the Diameter of theſe ſmall coy. 
led Particles of the Air {which being next the Earth arepreſsq 
upon by all thoſe numerous.incumbent Particles that make yp 
the Atmoſphere, and are thereby ſo crouded that they can but 
very little untwiſt themſclves; let us ſuppoſe, I ſay, the Diame. 
ter of theſe Particles) to be +—=—=. of an Inch; and then 
to be much of the form of- thoſe repreſented in the 4. Figure 
by ABCD-: and that theſe Particles, when a conſiderable 
quantity of the preſſure of the ambient parts 1s taken away, 
will flie abroad into a Coyle or Zone ten times as big in Diz- 
meter as before; that is, they will now be 5555555; of an 
Inch in Diameter, and appear in the form of thoſe in the Fi- 
gure expreſt by E FG H: theſe Zones whirl'd round as the 
former will deſcribe a Sphere 1rooo times as big in bulk, and 
thereby fence that ſpace from being entred by any of the like 
Zones: this it would doe, ſuppoſing-thoſe Spheres did imme- 
diately always touch each other 5 but becauſe of their circu- 
lar motion, whenever they meet they muſt neceſlarily be bea- 
ten, and flie off: from one another, and fo require a yet greater 
ſpace to perform their motion in. This ſupposd, thereareno 
Phenomena of Rarefation ( which is enough at preſent to 
. anſwer what he objects) but may be naturally and intelligibly 
made out, As firſt, for that of the ſwelling of a Carp's Blad- 
der, if we ſuppoſe ſome ſwall parcels of the former compreſt 
laming to lie latitant within the folds of it, and being much 
coyled up together ſcarce to take any ſenfible room, this 
Bladder in the Air will appear to. contain very little or 
nothing within it 3 whereas when the preſſure of the Air is 
taken off in good part from the outſides of it , then thoſe 
formerly latitant Particles diſcloſe themſelves by flying'open 
into much bigger Zones, ſo as perhaps to be able to defend a 


thouſand 


(93) 


thouſand times bigger-ſpace; from being entred into by their 
like or any other groſs Particles,: ſuch as thoſe of the Blad- 
der.” Now becauſe-t+ Pores of a Bladder are ſuch as are not 
eaſily permeable bythe Pazricles of Air, therefore theſe lurk- 
ing Particles ſo expanding themſelves muſt neceſſarily plump 
out the ſides of the Bladder, and fo keep them'turgid until 
the preſſure of the Air:-that at firſt coyled them be re-admit- 
ted to doe the fame thing for them again. - - - . | 
' Next, as for Rarefaction by heat, that will as naturally fol- 
low as the former from this Hypotheſis. For the Atoms of fire 
flowing in in great numbers, and paſſing through with a very 
" rapid motion, muſt needs accelerate the motion of theſe Par- 
ticles, from which acceleration their Spring or endeavour out- 
ward © will be augmented, that :1s, thoſe Zones will have a 
ſtrong nitency toflie wider open, (for we know that'the (wit 
terany body is moved circularly, the more do the parts of it 
endeavour to recede from the: Centre of that motion) from 
whence if it has room will follow a Rarefaction. As for the 
conveyance of. Light, that being according to Epicuras per- 
formed by the: local. motion of peculiar Atoms, their motions 
 toand frothroughthis edinm will be leſs impeded by the ra- 

refi'd Air than by the condensd ;, as indeed upon. Experiment 
we ſhall really find them... - - | 

As for his third ObjeQtion drawn from his ſuppoſed attraQtive 
virtue of the thus-rarefid Air, that is quickly anſwered, by de- 
nying it to have any power at all of attrattion; and by ſhew- 
ing ( which is already done) that what effe&s he would have 
to be performed by the attraction of the included, -is really- 
doneby the preſſure of the ambient, Air. | 

And, laſtly, the Phenomena of my Lord Bacon's Experi- 
ment are ſufficiently obvious and eafie to be deducd. 

So then, by granting Epicurws his Principles, that the Atoms 
or Particles of bodies have an innate motion; and granting our 
Suppoſition of. the determinate motion and figure of the Aerial 
Particles, - all the Phenomena of Rarefation and Condenſation, 
.of | Light, Sound, Heat, &c. will naturally and neoelgrlly fol- - 
#7515; Rr3 OW <. 
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low : and the Author's Obje&ions againſt this firſt way of 
RarefaQion will ſignifie very little. | 
As to theſecond way of RarefaQtiore by the intruſion or in. 
tervention of ſome ſubtile matter'or A#her into the ſpaces de. 
ſzrted by the rarefying Particles, which is that proposd bythe 
Aſſertors of a Plenum, this alſo is by the Author condemned, 
and branded with Impoſlibility. '-And why? Firſt, becauſe 
'tis ( he ſays) impoſſible that the above-mentioned Phe. 
2:14 of the Carp's Bladder can be explained by it. Second. 
ly, becauſe 'tis impoilible to give a reaſon from it of the impe. 
tuous aſcent of Water admitted into an exhauſted Receiver, 
And, Thirdly, becauſe 'tis impoſſible to explicate the Phene. 
mena of Gun-powder. His Reaſons to confirm which three 
Impoſlibilities, becauſe drawn from a mere miſtake, or igno- 
rance of thoſe Hypotheſes which have been invented by the Af 
ſertors of that Opinion, I ſhall paſs over, and content my ſelf 
to explain a way how theſe Impoſlibilities ray become Poſfi- 
bilities, if not Probabilities. | IRQET 2: 

And the way that 1 ſhall'take, ſhall be that of the moſt a- 
cute Modern Philoſopher Monſieur Des Cartes, publiſhed' in his 
Philoſophical Works : Which is this, That the Air is a Body 
conſiſting of long, ſlender, flexible Particles, agitated or 
whirl'd round by the rapid motion of the G/obul: Cwleftes, and 
the ſubtile Matter of his firſt 'Element, whereby they are each 
of them enabled to drive or force out-of their Vortice all ſach 
other agitated Particles. Now the ſwifter thefe Bodies are 
whirl'd round, the more do their flexible parts flie afunder and 
ſtretch themſelves out, and the more forcibly do they reſiſt the 
ingreſs of any other fo agitated particles into their Vortice, 
and confequently the {lower their motion is, the leſs will be their 
refiſtance. And becauſe there is a vaſt number of theſe whir- 
led Particles lying one above another, and each Particle ha- 
ving its peculiar gravity it will neceſſarily follow that the un- 
dermoſt (which to maintain their Vortice muſt -refiſt ſo great 
a preſſure) muſt very-much be hindredrom expanding them- 
ſelves ſofar as otherwiſe they would, weretherenone of thoſe 
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incompaſiing agitated Particles that lay in their way : And that 
thoſe being by any means removed, or they themſelves by a 
more rapid motion of the Particles of their Vehicles, the firſt 
and ſecond Element, (which is according to that Hypotheſis 
an effeft of Heat) more ſwiftly and ſtrongly whirled round, 
they preſently begin to expand themſelves, and maintain a 
bigger Vortice than before. Now to perform what I juſt now 
promiſed, I ſhall endeavour to give a poſſible, if not a pro- 
bable, cauſe of the objeQed Phenomena. And, Firlt, for that 
of the Carp's Bladder, where the Air is rarefid (ſays the Au- 
thor) 1000 times, it will eaſily be explained by ſuppoling the 
few Particles of the Air, which (whilſt they ſuſtain the preſ- 
ſure of all the incumbent Atmoſphere) inconſpicuouſly lurk 
within the Bladder, (each of them being able to maintain but 
a very ſmall Vortice) to be by the- ſubliding Mercary in the 
Torricellian Experiment freed from the preſſure of the Air, 
and their motion continuing the ſame (by reaſon that the Tran(- 
curſion of their Vehicles is not at all or very little hindered. 
either by the Glaſs or Bladder) their parts having room to ex- 
pand themſelves, will flie abroad to ſuch Extenſions as may 
perhaps make a Vortice 1000 times as big in bulk as what they 
were not able juſt before to exceed. Hence the Particles of. 
the Air (being ſo groſs as not eaſily to pervade the Pores of 
the Bladder) muſt neceſffarily drive out the fides of the Blad- _ 
der to its utmoſt extent, and ſerve to fill the Receiver in the 
 Magdeburgick Experiment. Now , whereas theſe Particles 
will by the ſame preſſure of the Air be reduc'd to the fame 
ſtate they were in at firſt, that is, to be thronged into a very 
lIttle room, and thereby be able to maintain a very ſmall Vor- 
ticez the Air let in in the Torrice/ian Experiment reduces the 
Air in the Bladder to its former inconſpicuouſneſs, as the ad- 
miſhon of the Water in the Magdeburg Experiment does that. 
Receiver full of rarefid Air into the bigneſs of a Hazel Nut. 
Now the Waterin this laſt-mention'd Experiment enters with a. 
great impetuolity, becauſe driven on with the whole preſſure - 
of the Atmoſphere, and refiſted only by the ſmall force of the - 
ſo-far-rarefi'd Air. | As: 
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* As for the Author's ObjeQion againſt this way of Rarefac- 
tion drawn from the Phenomena of Gun-powder, I ſhall en- 
deavour to anſwer it by ſhewing them poſſibly explicable by 
a Carteſiar Hypotheſis. For ſuppoling thoſe Terreſtrial parts of 
the Gun-powder tobe firſt at reſt, and afterwards agitated by the 
rapid motion of his firſt Element, there will be ſufficient differ- 
cace of the former and later condition in reſpect of Extenſ*i- 
on ; and ſuppoſing the particular conſtitution of Gun-powder 
(ariſing partly from the Specifick forms of the Particles of its 
ingredients, Nitre, Sulphure and Char-coal, and partly from 
their proportionate commiſtion) to be ſuch as will readily 
yield to the motion of his Materia ſubtzlis, fo ſoon-as an in- 
- greſs is admitted to it by the firing of any particular'parcel-of 
41t, the Expanſion will be ſpeedy enough. 

So then let us ſuppoſe a Barrel of Gun-powder placed in 
ſome cloſe room, to ſome grains of which we will ſuppoſe . 
ſome aQual fire to be applied, by which aCtual fire . (the Tex- 
ture of the Powder being ſuch) thoſe grainsare ſuddenly fired, 
thatis, many Millions of parts, which before lay ſtill and atreſt, 
are by the ation of the burning Coals ſhatter'd, as it were, 
and put into a poſture ready to be agitated by the rapid moti- 
on of the Materia ſabtil/zs; into which poſture they are no ſooner 
put, than agitated and whirled ſufficiently by itz whence fol- 
lows. a vaſt Expanſion of that part of Gun-powder fo fired, 
For each of its parts being thus whirl'd and hurried round, 
expel and beat off with great violence all the contiguous Par- 
ticles, ſo as that each Particle takes up now 1000 times as 
much Elbow-room (if I may fo ſpeak) as juſt before ſerv'd 
Its turn, and conſequently thoſe that'are outermoſt take every 
one their way directly from the parcel or Corn they had lain 
quiet in, being hurried away by the ſudden Expanſion of the 
Particles that lay next within them3 ſo that whatever grain or 
parcel of Gun-powder they chance to meet with, before they 
nave loſt their motion, they preſently ſhiver and put into ſuch 
a motion as'makes them fit to receive the action of the Materia 
ſubtilis, Which ſubtile Matter being every where _ 
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and nothing ſlow in performing its office, immediately agi- 
tates thoſe alſo like the former; ſo that in a trice the Parti- 
cles of the whole Barrel of Gun-powder are thus diſordered, 
and by the motion the Materia ſubtilis muſt needs be hurried 
away with ſo great an impetuoſity on all ſides, as not only 
to break in pieces its ſlight wooden priſon, and remove the 
lighter Particles of the ambient Air, but huge Beams, nay, 
valt accumulated Maſles of the moſt compacted StruQtures 
of Stone, and even ſhake the very Earth it ſelf, or what- 
ever elſe ſtands in its way, whoſe Texture is ſo cloſe as not 
to give its Particles free paſſage through its Pores. This 
underſtood, I ſee not, firſt, what the Author's three Argu- 
ments brought to prove his Objeion ſignifie, for there 
are no more Corpuſcles in the room before the Gun-powder 
is fired than after, nor is there any more matter or ſubſtance 
before the ſides of the room by yielding give place for 
the external fluid Bodies to fucceed, and the only change 
is this, that the Globuli ſecundi Elementi (as he calls them). 
are expell'd out of the room, and the Materia primi Ble- 
menti ſacceeds in the place of it. Nor do I ſee, ſecondly, 
what great reaſon he had for his grand Conclufion, Hee 
abunde demonſtrant, rarefationem per hujuſmodi corpuſcula nul- 
latenus poſſe explicari. 

Having thus examined the Author's firſt Arguments, that 
Rarefation cannot be made out by any other way than his ; 
we ſhall find his other, which he brings to eſtabjiſh his own 
Hypotheſis, much of the ſame kind. As, Firſt, that his way 
of RarefaQion implies no ContradiQion : For if the affirming 
a body to be really and totally in this place, and at the ſame 
time to be really and wholly in another, that is, to be in this 
place, and not to be in this place, be not a Contradiction, I 
know not what is. Next, that ſome learned School-men have 
thought ſo 3 to which I anſwer, morelearned men havethought 
otherwiſe, And, laſtly, that there are very plain Examples 
of the like nature to be found in other things; of which he 
only brings one, viz. that of the Rota - > which upon. 
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examination-we ſhall find to make as little to the purpoſe ag 
any-of the other. 
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An Explication of the Rota Ariſtotelica. 


£ ther great Problem of the Rota Ariftotelica, by his explica- 
| tion of which he pretends not only to ſolve all the dith. 
culties concerning Local motion, que Philoſophorum ingenia hac. 
_tenws valde exercuerunt, but to give an inſtance for the confir- 
mation of his. unintelligible Hypotheſis of Rarefaftion, wherein 
there is extenſio ſen correſpondentia ejuſdem rei ad locum nunc 
majorem, nunc minorem; we may upon examination find to be 
either a Paralogiſm, or elſe nothing but what thoſe Philoſophers 
ſaid whom he accounts gravel'd with it. Of this Subje he be. 
gins in his 25th Chapter, where after he has ſet down a deſcri- 
ption of it, he makes an inſtance in a Cart-wheelz Rem ante 
oculos ponit rota alicujus currus, ejuſq; unbo ſeu lignum illud craſ- 
ſum & rotundum cut infiguntur radii ſiquidem dum progrediente 
curru ipſa rota circumduda deſcribit in ſubjeFa terra orbitam ſibi 
equalem, umbo ille deſcribit in ſubjeFo atre orbitam ( I ſuppoſe 
both here and before he means Lineam) ſe multo longiorem, ut- 
pote equalem orbite totina rote, licet ipſe nox niſt ſemel quog; fue- 
rit circumvolutms. ( Astor what he ſays, that the Nave muſt be 
ſupposd to paſs through the Air, and not to touch a ſolid Plain, 
I do not yet underſtand the force of his Reaſon, nor why he 
ſets it down, making nothing to his preſent purpoſe, unlels it 
were becauſe he did not well underſtand the thing) In which, 
ſays he, the great difficulty is to explain how the Nave ſhould 
be ſo turned about its Axis, ft partes ſuas ſucceſſrve applicet li- 
ee duplo plures partes habenti, idq; motu perpetuo ar nniformi ne 
vel ad oculum inſtar interrupto. Which how true, and what 
great occaſion he had to wonder at the ſolution of that Pro- 
blem by the Example of a man ſtanding ſtilland another walk- 
ing, we ſhall find by and by, when we come to explain the 
Problem : But firſt { hal exthmine his Hypotheſis and Explics 
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tion, And Firſt, he ſuppoles Time to conſiſt of a determinate 
number of Indiviſibles, (that is; ſych as have neither prixs nor 
poſterins included in them) which he calls Inſtants. And next 
he ſuppoſes the preſentiam localem ſeu nbicationem cujuſlibet 
partis indiviſibilis &&+ virtugliter extenſe eſſe quoqz indiviſibilent 
& virtualiter extenſam : Which ſuppoſition ſq ſtrangely ex- 
preſt 1s no more than this, that theextenſion or ſpace of his In- 
divifibles is alſo indivifble. But as for his Virtual Extenſion, 
I confeſs I underſtand as little what it is as I verily believe he 
did; and therefore I will proceed to his following ſuppoſition. 
His Third therefore is, That by how much more rare a body 
is, by ſo much the more are-its Indivilibles virtually extended. 
Hence his Fourth is, That though theſe Indiviſibles be really 
indifivible, yet they are virtually 7» quotvis partes diviſubiles. 
Whence he deduces his Fifth Principle, That ance theſe Indt- 
viſibles are really indiviſible and virtually extended, they muſt 
neceſſarily be moved after the ſame manner that other indivi- 
ſible and virtually-extended things are. His Inſtances are 1n - 
the motions of an Angel and an indivifible piece of wood, 
which, he ſays, are both of the ſame kind. As for that of An- 

gels, having no immediate Revelation, and a Spirit and its ac- 

tions not falling under ſenſe, and not having any third way by 
which to be inform'd, 1 ſhall leave him there to enjoy his fan- 
cies. But asfor that of his piece of wood, we ſhall find it ſaffi- 
ciently full of abſurdities and contradictions. And firſt, he calls 
it indiviſible, but why I know not ; for 'tis neither really nor 
yet mentally {o: not mentally ſo by his fourth Principle, where 
be ſays that 'tis virtualiter in quotvis partes diviſibales, by which 
word virtua/iter he means the ſame thing with wental/iter, or 
nothing. Nor, ſecondly, is it really ſo: for then (according 
to the main bulineſs of his Book, as may be gathered fromthe 
firſt words of his Title Page. TraGatus deCorporum laſeparabili- 
te) nt would be impoſſible that any thing inthe world ſhould 
be diviſible; for he making an inſeparable continuity, and 
that Bodies will rather be (1 can't tell how) ſtretch'd beyond 
their own dimenſion 3s i»finitum, than part from one another; 
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a body may as ſoon paſs through the dimenſions of any one In. 
diviſible, as paſs between two. Next, he grants in the ſtrange 
ſtretching or rarefaCion of theſe Indivifibles a temporary mo- 
tion of the condensd Dimenſion ; whence there will follow 
that there muſt be diſtin& places or 67's, it muſt be terminy : 
2 quo, terminua ad quem, & medium. And next, it were im. 
poſſible to divide a line into two parts, ſuppoling it conſiſted 
of an unequal number of Indiviſibles3 as if 101 Indiviſibles 
of exceedingly-rarefid Air ſhould be extended in length an 
Inch, it were impoſhible to dividethat Inch into two equal parts, 
I might run over many more, but it would be too tedious to be 
here recited. As for his indiviſible parts of Time, thoſe alſo 
muſt neceſſarily be i: quotvis partes diviſibiles ;, for elſe the ſame 
body or Indiviſible muſt neceſſarily be in divers places at the | 
ſame inſtant. But becauſe he can ſwallow, nay confidently af- 
firm, thisand many other ſuch like contradictions and abſurdi- 
ties, Iam not willing to mention them 3 and I think it would 
Havemade more for the Author's reputation if he had done fo 
too. As for his laſt Chapter, where he applies theſe Principles 
to the Explication of the Rota Ariftotelica, I have not here 
time to ſet down all the abſurdities that any one that has buta 
ſmattering in the Mathematicks may. obſerve : as, ſometimes half 
an indiviſtble part of a Circumference _ touch an indiviſible 
of a Line; ſometimes one may touch half, a quarter, a hun- 
dredth part, a whole one, two, ten, a hundred, e*c. at the 
ſame inſtant 3 nay, an indiviſible of a Circle may be all of itin 
a thouſand places together, and the like. And this he bringsasa 
great Argument to eſtabliſh his Hypotheſes of Rarefaction, pre- 
tending it to compriſe many /Enigma's and very great difficul- 
ties; whereas the thing is very plain and caſte, and containsno 
ſuch obſcuritics. For if, for example, we ſuppoſe a Wheel 
ABCD to be moved in a dire& motion from AIC to KLM, 
every point of it retaining the ſame poſition to that line that 
they had at the beginning of their motion, each of the points 
AEIGC will on a Plain, or in the Medinm it pervades, pals 


" through or deſcribe a line equal to the line 1L, and not wy 
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all the points Lying in the line A/C, but all ahd every point of 
the whole Area of the Circle ; this muſt neceſſarily happen if 
the Diameter 41C be moved parallel toit ſelf : But if whilſt it 
be thus moved with an equal progrefiion, it be likewiſe moved 
with an equal circulation, the caſe will be altered. For then, 
firſt, each point will by this compound motion deſcribe on the 
Plain or Mediamr either a perfect Cyclorid, as when the Wheel 
makes one perfe& revolution, whilſt the whole is progreſſively 
moved from / to Lz or ſome Piece, aswhen the Wheel has not 
perfeQ&ed its revolution; or more than a whole one, as when 
the Circle has made more than one whole revolution whillt it 
is moved 1n its determinate length. TI ſhall here only conſider 
the firſt, as pertaining more eſpecially to my preſent purpoſe, 
and in regard the two later on occaſion may beeaſfily explicated 
by it. Next, each point of this Circle acquires from its com- 
pounded motion various degrees of Celerity as to its progreſfi- 
. on, according to its v:riou; poſition to a point whichis always 
found in ſome part of the linedrawn through the Centre of the 
circular motion perpendicularto the progreſſive. Andit is found 
thus, as the Circumference to the Radiw, ſo is the line of the 
progreſſive motion to the diſtance of the point from the Cen- 
tre. . And this happens becauſe the line of Progreſſion is equal 
to the Circledeſcribed on that diſtance as Radixs ; each point 
therefore of this ſmaller Circle, when itcomes to touch the Per- 
pendicular, muſt, as to its progreſſive motion, ſtand ſtill: This 
point therefore will be the Centre of this compounded motion. 
Now becauſe for the explication of the Rota Ariſtotelica we need 
not conſider any other than thoſe Points which are tranſient 
through or croſs the Perpendicular line, we ſhall only examine 
them, Let then in our Example 4 be the Centre or immove- 
able point, the Circumference therefore ABCD will be equal 
to IL, or AK by our Hypotheſis, Now becauſe the point L, 
which is the Centre of the Rotation, has only one motion, v3s. 
that of Lation, its celerity will be equal to the ſingle celerity 
of the Lation'; we will therefore put it to have one degree, 
C, becauſe it is moved with two motions, both tending the ſame 
| Si 3 way 
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way, and each equal to the velocity of I, muſt needs have two 
degrees of velocity. The point F, becauſe moved with twg 
motions, both tending the ſame way, the one (272. itsLation) 
bring <£qual tothat of I, and the other (becaule it is but half 
as far diſtant from the Centre of Rotation as C, and therefore js 
moved but with half the celerity of C, which was equal tothx 
of I) but half as quick, we will put to bave one degree and 
an half. By the like method we might find the velocity of all 
the points in the Perpendicular, viz. ſuch as we have there 
marked (ome of them; but it would be too tedious, we needing 
not to conſider more than the two points A and E. The point x 
E being moved forward by its progrefſion with the ſame velo. 
city that 1, but by its rotation (which is but half as ſwift ag 
that of the Circle ABCD, that is double the Circle EFG#) 
being moved the contrary way or backwards with half the ye. 
locity, Joſeth half of its progreſſion forwards. The point in 
A being by its progreſſion moved forwards equally ſwift with 
1, and by its rotation (the Circle ABCD being equal to the 
line IL) being carried backwards with equal velocity, muſt 
neceſlarily ſtand ll as to its progreſſion. Now having ſhewn 
that the point 4 (being by reaſon of its two equal oppoſite 
motions at teſt) does only touch a point of the line AK, and 
is not at all moved on it; and that the point E (being carried 
forward twice as faſt by its progretion as its carried backward 
by its rotation, and thereby moved half as faſt as the point 1) 
does not only tonch the line EK, but whilſt 3t touches it is 
moved.an it witha pragreſiive motion-half as ſwift. asrhat of [: 
It will neceſſarily follow, ithateach point fituate in-E muſt oe- 
cellarily deſcribe:afmall line, which 1s a part of the whole EC, 
Now both.the canta&t of the former, and the contact and pro. 
greſhion.of the later, being performed by an infinite ſuccefſion 
of pointsin the {pace of an inftatte ſucceſſtonot Inſtants; I fee 
not any one difficulty of this Problem but may fatisfaQorily be 
given an/account of by it, without having recourſe to the Hj- 
potheſts of the determinate number of indiviſiblesof ſpace and 
time, which at beft will only come tothis, that I” ſuch a de- 
terminate 
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| terminate moment or minute ſpace of time, (which conſiſts of an 


infinite conſecution of Inſtants, and has privy and poſterins in 
itz though yet he will call it an Inſtant, and have it to have 
the ſame proprieties with an Inſtant uſed in the common Philo- 
ſophical ſenſe ) ſuch a determinate minute Corpuſcle (which, 
though it have extenſion in length, breadth and thickneſs, yet 
will he not admit it to be diviſible or have parts, no not 
though, according to his ZZypotheſrs, the indiviſible of one body 
may be rareficd to be as big in bulk as a million of the indivilt- 
bles of another, but will have it tobe called and to be a real in- 
divifible) will ſucceſſavely paſs over ſuch a determinate” ſpace or 
length (which yet he will not admitto be diviſible, though ac- 
cording to his Principles it may equalize the length of millions 
of his other Indiviſibles, nor admit a ſucceſſive motion, but in- 
ſtantaneous, though that does neceſſarily put a body intotwo, 
three, ten, a hundred, ec. places at once; but will have theſe 
alſo to be indiviſible.) Haſte makes me paſs over the abſurdi- 
ties about the contact of a Circle and a Line, and to compriſe 
in ſhort all that great Explication he has given of this and 
other intricate (as he calls them) Problems, which is this, That 
the reaſon of the celerity of the motion of ſome one of theſe 
indiviſibles above another 1s, that it paſſcs through a greater 
part of an Indiviſible inthe ſame inſtant than the ſlower z that 
15 1n plain ſenſe no more than this, One body is ſwifter than 
another becauſe it is moved faſter. From whence he draws ſe- 
veral Corollaries, as that Hence may be given a reaſon why 
an Eaple is ſwifter than a Tortoiſe, viz. becauſe it moves f\a- 
ſter. I ſhould have ſolved ſeveral ObjeRions which may be 
brought againſt the diviſibility of Quantity i» infinitum 3 but 
that as all the Scholaſtick Writers are full of them, ſo it is a 
Subje& which we are leaſt able todiſpute of having very little - 
information of the nature of Infinity from the Senſ:s, | 
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FN Hap. 2. Pag. 3. Cum tota vis, &c, Being the whole power of the 
' S>ring of the Air depends upon the ZEquilibrium of its weight 
with twenty nine Inches and an half of Quickhilver, fo that this Spring 
doth neither more-nor le(s in a. ſhut place, than is done by that Xquili- 
brinm in an open- place :. It-is manifeſt, ſeeing. we have ſhewed the 
Equilibrium to be plainly fictitious and imaginary, that the Spring af- 
cribed to the Air is ſo likewiſe. | 
 P.4, Nam fiTubus, &c. For if a Tube but twenty Inches long. (ſuch 
as we uſed in our firſt Argument) be not quite filled with Quickfilver, as 
before, but a little ſpace be left betwixt the AZercary and the Finger on 
the top of the Tabe, in which Air only may abide: We ſhall find that 
the Finger below being removed, the Finger on the top will not only be 
drawn downwards, as before, but the Quickfilver ſhall deſcend alſo, and 
that notably, viz, as much as ſo ſmall a parcel of Air can be extended by 
ſuch a deſcending weight. So that if inftead of Air, Water or any other 
Liquor which is not ſo eafily extended be put inits place, there will be no 
deſcent at all. | 
: Hence, I fay, againſt this Opinion:an Argument is framed : For if the 
external Air cannot keep up thoſe twenty Inches of Quickſilver from de- 
ſcending, as we have proved ; how ſhall it keep up twenty nine Inches 
and an half? Aſſuredly thele can no way: be reconciled, 
. Ibid. Dices forte, &c, You will perchance fay, that the Quickſilver 
therefore doth in the alledged caſe deſcend, becauſe it-is thruſt down by 
that parcel of Air which dilates its ſelf by its own Spring. 

Ibid. Sic deberet, &c, So ſhould the Finger be rather thruſt from the 
top of the Tube, than thereby faſtned to it 3 becauſe this Dilatation muſk 
be made as well upwards as downwards. 

P. 6, Concipi; &ec, It cannot be conceived how that Air ſhould dilate. 
it ſelf, or thruſt down the Mercxry, unleſs by taking up a greater places 
which thing theſe Authors are much againſt, aſſerting that RarefaQion 
can be made no otherways than by Corpuſclesor Vacuities. 

Chap.3- p.7. Si, &c. It you take'a Tube open at both ends of a good 
length, ſuppoſe forty Inches long, and fill it with Mercxry, and place 
your Finger on the top-as before, taking away your lower Finger you will 
find the AZercury todeſcend even to its wonted ſtation, and your-Finger 
on the topto be ſtrongly drawn within the Tube, and to ſtick.cloſe un- 
to it, Whence agait\ it is evidently concluded that the Mercwry placed 

- "4g in- 
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in its own ſtation is not there upheld by the external Air, but ſuſpended 
by a certain internal. Cord, whoſe upper ed being faltned to the Finger 
draws and faltens it after this manner into the Tube, | 

Chap.4. p.8. Sumatur, &c, Take a Tube ſhorter than twenty nine In. 

ches and an half, for inſtance of twenty Digits, not ſhut, as hitherto, at 
one end, but with both ends open : let this Tube, its Oritice being im- 
mers'd in reſtagnant Mercury, and one Finger being plac'd underneath, 
that the Mercury to be poured in run not through, -be filled with Mer. 
cury ; and then another Finger be applicd to its Orifice, to cloſe it well; 
Which being done, if you draw away your lower Finger, the upper will 
be found to be ſtrongly drawn and ſuck*d into the Tube, and fo ifly to 
adhere toit, (or rather to the Quickfilver, as I ſhall hereafter ſhew) that 
it will elevatethe Tube it (elf with all the Quickſilver, and make it con- 
tinueto hang pendulous in the Veſſel, 
* /From which Experiment this Opinion is moſt clearly refuted : For, 
ſeing according to it the Quickſilver in ſuch a Tube but twenty Inches 
long muſt be thruſt upwards by the preponderating Air z it will never 
by it be explained how this Finger is ſo drawn downwards, and made 
ſo irongly to ſick to the Tube. For it cannot by the Air thruſting up. 
wards be thus drawn downwards. | 

P-I0,11. Puod vel, rc, Which is thence confirmed, Becauſe if that 
preponderating Air ſucceeds, as is afſerted, in the place of the lower Fin- 
ger which was withdrawn, that is, if it uphold the Quickſilver after the 
fame manner which it was upheld by the lower Finger applied under it; 
it is manifeſt, according to this Opinion, that the Finger on the top ought 
not to be more drawn downwards after the lower Finger is removed than 
before. Secing then that Experience teacheth the contrary, it is mani 
teſt that Opinion muſt be falſe. b 

" Chap.5.p.11,12. 9warto, &c. In the fourth place it is impugn'd, Be- 
- cauſe thence it would follow that Quickfilver through a like Tube might 

be ſuck*d with the ſame eafineſs out of a Veſſel that Water is ſuck'd out 
of the fame. Which notwithfianding is contrary to Experience, by which 
we are taught that Water is eaſily drawn into the mouth of him'that 
facks, whereas Quickſilver cannot be drawn thither by his utmoſt en- 
deavour, nay, ſcarce unto the middleof the Tube. _ 

The ſequel I thus manifeſt : Becauſe ſeeing, according to this Opinion, 
that the Liquor underneath, whether it be Water or Mercury, may fo af- 
cend, no more is requir'd but that the Air ſhut in the Tube may be drawn 
upwards by ſacking which being drawn up, the Liquor underneath will 
immediately aſcend, being thruft thither by the external Air now prepon= 


derating, (as Pecquet declares in his Anatomical Diſcourſe, p. 63.) It is 
; manifeſt 


| ( 107) 
manifeſt that the Merewyy may be ſuck*d out with the Came eafine(s that 
Water is ſuck*d out with. Which being fo evidently againſi Experience, 
the Opinion from whence it is deduced muſt needs be falſe. 

p.13- Negqz hoe, &c, And not only this, but over and above, if a Glaſs 
Diabetes or Syringe be made of a ſufficient length, and after that the 
Sucker is thruſt into the utmoſt Orifice, it be placed according to uſe in 
the Mercury underneath he finds that as ſoon as the: Sucker is drawn 
out, the. Mercwry follows, and aſcends to the (ame height of two Feet and 
three Inches and an halt. And when afterwards, although no greater 
force be added, the Sucker is drawn higher, he finds that the Mercury 
fands, and follows no further, and fo that ſpace is made empty which 
remains between the Mercury and the Sucker. - The 

p.15. Maneat igitur, &c, Be it therefore confirm'd by ſo. many Argus 
ments, of which every one is ſufficient in it (elf; that Quickſilver (he 
Experiment being made in an open place) is not upheld from falling by 
the weight of the external Air. Kam 

Cap.6. Ibid. Argentam, &c. That Quickſilver in a cloſe place is not 
upheld from falling by the Elazer or Spring of the Air, | 

Ibid. Cum tota,,cc. Secing the whole power of this Spring depends 
upon the already-confuted Aquilibrium of the Air with 29 Inches and 
an half of Quickfilver, ſo that this Spring does neither more nor leſs in a 
cloſe place than is done by that Aquilibrizm in an open place 3 it is ma- 
nifeſt, ſecing this Aquilibrium is already ſhewn to be plainly iQitious 
and imaginary, that the Spring of the Air is ſo likewiſe. ef 2 a 

p.16, Necpfas, &c. And that this Spring doth acither,more nor: Jeſs 
in a clofe place, thap is done by that £quilzbrium in an open place.: - 

Ibid. Adde, &c. Add, that ſeeing the Experiments brought in che 
Chapter above of che adheſion of the Finger, &c. are alike in a cloſe and 
an open place : ic is necefary and certain that the ſame Arguments made 
againtt the Aquilibrixe have force againii the Spring of the Air... ; .... 

P-17. Et profetis, the, And really if thefe Authors would canlidgs 
how grcat a. difficdlty there is in explaining this-Speiag of the, Air, unleſs 
the are Air by it elf alone'may take-up a greater place, I believe they. 
would readily alter their Opinion. oe | 

Part 2. Chap. r.p. 19. Conſtet boc, &e, This appears from what has been 
already ſpoken in the preceding Chapter: For the Quicklrer deſeendr 
ing.cannot ſo. draw the Finger dbwinwardsi and fakes it unto the Tube, 
unlefs-if be hongupon the Finger by-fach a i 
vehemently -ſtrerches,; as is tanifelb by it felb, ' 24 

 Thid, Reſponddeo, tc, Lanfwer, ; Timt. this comes-to paſs that there.may: 
be no Vacuity, ſecingthercis nothing elle thene that can ſucceed into the 
pe of the deſcending Quickſilver. | "T8 0 Ibid, 
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'Tbid. And hence is confirm'd that common Axiom uſed in the Schools 
for ſo many Ages paſt, that Natare doth abhor aVacuum. 

Ibid. Nam licet, &c, For though the immediate cauſe why Water {for 
inſtance) doth not deſcend from a Gardener's Watering-pot (for that 
Example they uſe) fiopt on the top, is not the fear of a Vacuum, but the 
reaſon now mentioned, namely, That there is not weight ſufficient to 
looſe that conjunQure by which the Water dothadhere to the top of the 
cloſed Water-pot : Nevertheleſs in the end we muſt of neceſlity come to 
that Cauſe. 

P-20. Que quidem, &c. Which tration and adhefion when it cannot 
proceed but from ſome real Body placed between the Finger and the 
Mercury, it is manifeſt that that ſpace is not empty, but filled with ſome 
true ſubſtance. | 

Ibid. Eo quod, &re. Becauſe no viſual ſpeciesr's could proceed either 
from it, or through it, unto the eye. | 

Ibid. Vera, &c. To be filled with any true ſubſtance. 

P-24. Huc etiam, &c. And to this purpoſe make thoſe conſiderable yi. 
brations with which Quickſilver is fiirred in its deſcent : For the ſame 
thing happens here that befalls other Pendxdz in their fall from on high, 

P.27. Argentam dum, &c, Quickſilver while it fills the whole Tube 
doth not only touch its top, (as you would think at the firſt fight) but 
doth firmly ſtick unto it alſo; as it is manifeſt from the Experiment men. 
tioned in the firſt Argument of the third Chapter, concerning the Tube 
open at both.ends. -- | | 

Ibid. Licet illed, &rc. Though that Orifice of the Tube be anointed 
with Oyl, or any other matter that will hinder adheſion, nevertheleſs the 
Finger will no leſs firmly tick than before, F” | 

P-28, Partes, &c, That the parts of Air it ſelf ſo ſhut up in the Tube 
{which otherwiſe are (o eaſily ſevered ) are now fo firmly glued to one 
another; 'that they make (as we ſee) a ſtrong Chain; by which not only 


Water bit eych weighty Quickſilver is drawn on high.\. 1, .- 
 Thid;  Rarefattionem, &c.- That the RarefaQion'or Extenſion of a Bo+ 
dy fo as to make it take up more ſpace is not only made by Heat, but by 
diſtenſion or a certain disjoyning power 3 as on the contrary Condenſation 


is not only made - troop: but alſo by Compreſſion, as infinite Exam- 


ples bear us w 3-3-8. BOING 1 Bod a goa 
| P-29. Cnmi per, $6; Sceirg by thefirlt Note'tis maniteſi.that the Quick- 
filver doth ſo tick tothe top of the! Tube, and by the-ſecond' Notethe 
RarefaQion is made only by the mete diſtenſion of the body; /it {o-comes 
£0 paſs that the deſcending Quickfilver leaves its external or upper ſuper- 
ficies fixed unto the top of the Tube, and by its weight doth {© _ 
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and extenuate it, untill it becomes eaſier to leave another ſuperficier in 
like manner, than to extend: that any further. - It leaves therefore a ſe- 
' cond, and doth by its deſcent extend that alittle further, until it becomes 
eaſier to ſeparate a third than to extend that any further : And fo for- 
wards, until at length it hath no power to ſeparate or extend any more ſ#- 
perficies, namely, until it comes unto the height of 29 Inches and an 
half; where it acquieſces, as we havedeclared in the farli Chapter. 

.30. Theſe Surfaces ſeem to be ſeparated from the Quicklilver, and 
to be extended into a moi flender itring by the weight that falls down, 
after the ſame manner that in a lighted Candle ſurfaces of like fort are ſe- 
parated from the Wax or Tallow underneath by the heat above, and are 
extenuated into a moſt ſubtile lame. In which it is worth obſervation, 
that as that flame doth doubtleſs take up more than a thouſand times a 
greater ſpace than the part of the Wax of which the flame was made 
took up: So is it here to be thought, that that ring doth take upa ſpace 
more than a thouſand times as big as that which the ſmall particle of Mer- 
cury, from whence it aroſe, did before take up. As alſo it doubtleſs hap- 
pens when ſuch a particle by a fire underneath is turned into a vapour. 

P-36. Corpore, Oc. A body taking, up a place, for inſtance, twice as 
big as it ſelf; it is of neceſſity that every part of it mult likewiſe take up 
a place twice as big as it (elf. | yo 
 P-41. Fuxta, Ge. According to the more probable Opinion ſuch a 
virtual extenſion of a corporeal Being is not to be granted, as being only 
proper to ſuch as are Spiritual., | 

Ibid. Preſtat, &c. It is'better to continue in the common Opinion, 
which hath been hitherto received in the Schools; which although 
doth not clearly reſolve all difficulties, yet it doth not openly lie un- 
der them. ED, 

Ibid. Neceſſario, &c. We muſt needs confeſs that one and the ſame part 
mult be in two places adequately. For ſ{ceing it is indivifible, and takes 
up a greater place than before, it.muli, of neceſlity:be all in every point 
of: that place, 'or that be vircually extended through all that.ſpace, : -:+ 

P43. Curmitempus, Oc, Seeing Timeis a Beingeffeatially ſucceſſive, 
that neither by. divine power can twoof its parts exilt together, * 

P-4.4. Reſpondes, &rc.. T'anſwer, that all theſe / things: happen becauſe 
the Gun-powder ſo kindled and turned into flame takes up a much grea- 
ter'{pqce than before,” Whenge it comes. to pals that ſeeing the Chamber 
was before quite full, by this means the LEE that there may 
be no penettation of bodies, '.;, jo et 7 op 

p.48. Partim, &c. Sometimes within the, Chapel, ſometimes in: the 
open Airs the wind: ſometimes blowing; and (prortimes being ſill, ., 
, t 3 " - - 
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p.52. Sed dics, &e, But it may be ſaid, thaton the top of the Mountain 

it therefore deſcended after that manner, becauſe the Air was more cold 

there, or of ſome other temperature, ſuch as might cauſe this deſcent, 

- p.68. Hoc effe, &e. That this is the difference between Prefſion ang 

Sucion, that Sucion makes ſuch an adheſion, and Preſton doth nor, 

p-69. Hoc quoq, &c. And even this Experiment doth very well agree 
with our Principles : For ſeeing by this depreſſion of the Sucker, the Aj 
ſhut up in the cavity of the Cylinder is ſeparated from the Cylinder, and 
doth deſcend together with the Sucker, (as we have, Chap. 13. obſcryed 
of Water deſcending together with Quickfilyer) it comes to paſs that in 
that whole depreſſion new ſurfaces are taken from that deſcending Air, 
| and ſtretched out, as we have there explained it in the caſe of deſcending 
water. Since therefore fuch ſurfaces are as ecafily ſlipt of and extended in 
the end of the depreſſion as in the beginning z it is no wonder that there 
is found the ſame difficulty of deprefſing It at both tires. 

Ibid. Eo magis, Sc. That the Air is fo much the more extended and 
rarefied, by how much the more is thence exhauſted, and fo doth acquire 
a greater force of contraQting it ſelf. WED. | 
-* P71. At profes, &c. But truly it ſeems not credible that this moſt 
. Gft Air ſhould ſo vehemently compreſs a Glaſs on all ſides (clpecially 
one of that thickneſs there mention*d) as to break it. | 

p.72. Veriws, &e. It is therefore more truly anſwered, that the Glaſs 
is therefore fo broken, becauſe by that exſuRtion its ſides are more vehe- 
mently drawn inwards than ( by reaſon of the _ unfit for reliftetcy) 
they were abſe to +ift. ' For ſethg the "Included Afr doth moſt firmly 
Kick to the ſides of the Glaſs, 'to draw out the Air Will be nothing elſe 
but to endeavour tb bend the fidesof the Glaſs inwards. 

Ibid. Sed profetio, &c. . But truly this ſeems too far remov*d from 
Truth, and may be by this alone ſufficiently refuted. Becauſe if the preſ- 
ſaze of the Air which defeettds by that Tube Into the Vial be fo great as 
to-break the Vial” it (elF' it Svught ceftainly, before the breaking of the 
Vial, vary! trigch © move the witerin which the Tube bs immeys*d, and 
to excite bubbles init, &e. - 45 appears, if any ohe blowing through that 
Tube doth make but anordinary preſfure apon the water. But it is ſure 
that the water: before the Vial is brokti'doth not move at all : as the 
ce. ho Wh6 /THolght :4h6-Tubchat Week ſhurde chevy ghe-Vhl 
** P.93." Lich, 43. 7 ghtht Tube hal: beet ſhure thexrop, the: Vial 
had doubtlels beer brokth aRd A fame thatinek” | <2 P 3 3 e067 

' P:74+ Sed refius, ec, But it is more rightly'thente Iinflir'd -- that that 
Cylinder —_— cf 2 0omgt 3 mt by 
P-7 5+ Di6/0ci RYH RHP ORIENT doth by that exhauMi- 
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on fo deſcend in the Tabe, becauſe it is drawn downwards by the Air in- 
cumbent upon thereſtagnant Quickfilver. For that incumbent Air, be- 
ing by its exhauſtion greatly rarefied and. extended, vehemently con- 
tracts its (elf, and by this contraction doth endeavour to lift the refiag- 
nant Mercury out of its Veſſel ; whence it comes to paſs that (the reſtag- 
nant Mercury now leſs gravitating upon the bottom of its Veſſel ) the 
Quickſilver in the Tube mutt deſcend, as is manifeſt in it ſelf : So that it 
is no wonder that, the external Air afterwards entring, the Quickſilver 

ain aſcends, ſeeing by that ingreſs the force which elevates the reſiag- 
nant Quickſilver is weakned. 

Ibid. 4#qz binc, ec. And hence is a reaſon alſo given of another 
thing which is there noted, namely, that by the violent intruſion of the 
external Air into the Receiver the Quickſilver aſcended conſiderably 
above 29 Inches and an half, For as by the extraQiion of the Air the 
Quickſilver is depreft below its fiation, ſo by the intrulion of new Air 
it is elevated above it. 

P.77. Nam fi, ec, For if it were kept up by that, it ought rather to 
aſcend than deſcend in colder weather, becauſe the Air then would be 
more denſe and heavy. Therefore the Quickfilver is not upheld by the 
Myquilibrium of Air, as is aſſerted. 

p.78. Hinc fit, ec. Hence it comes to paſs, that this Funiele-being 
contracted by the cold, the water doth aſcend in cold weather 3 but doth 
deſcend in hot, becauſe by heat the Fenicle is dilated. 

Ibid. Ego certe, ec. I truly do not doubt but there are ſome ſuch 
Qccult cauſes, by which the ſlender Fxntcle that ſuſpends (as we mentio- 
ned in the 10, Chapter) the Quickſilver in the Tube is ſometimes length 
ned, ſometimes ſhortned, and fo doth ſometimes.let down, and ſome- 
times lift up the Quickhilver. 

P79. In decimo nono, &c. In the 19. heſhews that watcr doth inthe 
ſame manner deſcend upon the exhauſting the Receiver, as he had ſhewn 
Quickfilver in the foregoing Chapter to deſcend. Of both which ſeeing 
there is the ſame cauſe, there is no reaſon we ſhould any lopger infili 

p.80. Nam fi, ec, For if it were done {o, theſe bubbles ought not ſo 
to have aſcended from the bottom of the Veſſel, (as it is aſſerted they 
| did, both in this and the following Experiments that treat of bubbles) 
but from the upper part of the water, where they are leſs comprett 3 as 
it is apparently manifeſt. - 

Þ-81. Reſpondeo, exc. I anſwer that the water, upon that exhauſtion of 
the Air, doth not fo aſcend of its own accord, but is violently drawn or 


lifted upwards by that rarctied Air contracting it (elf. For as water _ 
uffer 
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ſuffer ſome compreſſion (as appears by experlence) fo here alſo it ſuffers 
ſome diſtenſion. And hence it is clearly manifeſt why theſe bubbles 
ſhould ariſe rather from the bottom. of the Veſſel, than the upper 
part of the water. For when that vehement ſuction doth endeavour to 
elevate the water from the bottom of the Vial, there ariſes there a certain 
ſabtile matter, which being turned into bubbles doth fo aſcend as is men- 
tioned in the 15. Chapter and the 4. Experiment. 

p.82. Certum eſſe, &c. It is certain that that Opinion is ſufficiently 
refuted by this fingle Experiment. 

p.$3. Neceſſe, &-c. It muſt needs be that that ſtone could not other. 
wiſe deſcend, than by leaving behind it ſuch athin ſubſiance as is left by 
Quickſilver or Water deſcending in like manner. 

Ibid. Unde, &c. Whence I plainly conceive that it two -perfedly. 
poliſh'd Marbles were fo joyned that no Air at all were left between them, 
they could not be drawn aſunder by all the power of Man. 

Ibid. Ut; etiam, ec, Which alſo is confirmed by the Example the 
Author there brings of a Braſs Plate ſticking ſo cloſe to a Marble Table, 
that by a luſly Youth, who boaſted of his own fixength, it could not be 
lifted off by a Ring fixed to its Centre, 

p.384. Eodem, &c. Almoſt the fame manner as we fee in Cupping- 
glaſſes applied to a Patients back, in which the flame being extinR, the 
rarcfied Air contraQting itſelf doth ſo vehemently (as we ſee) lift up, 
and draw the fleſh within the Glaſs. 

p-85. In bis, ec. In theſe three there is nothing occurs to be peculiar- 
ly here explicated, the account of which is not catic from what is already 
delivered. 

Ibid. Exiftimo, &c. But I think that Whiteneſs ſhould be rather called 
a reflex than an innate light, becauſe, as the Author bears witnels, it ap- 
pears not in the dark, but only in the day, or by Candle-light. 

p.86. Verum, &-c, But it ſeems impoſſible that ſuch Animals ſhould 
dye fo ſoon only for want of a thicker Air. 

' p87. Quia per, ec, Becauſe by the ſelf-contraQion of the rarefied Air 
their breath is drawn out of their bodies. 

Ibid. Atq, hinc,&c. And thence alſo aroſe thoſe vehement Convullions, 
' Which the Author there mentions certain ſmall Birds to have endured 

| before their death, 
' p89. In mala, &c. In a bad Cauſe they can do no otherz but who 
compell'd them to undertake a bad Cauſe ? 
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A Summary of the Contents of the 
ſeveral Chapters. 


PART L 


the Adverſaries Objefions againſt the El\atcriſts are exa- 
mined, 
CHAP, I. 


The occaſion of this Writing, pag. 11 Franciſcus Linus his civility in 
writing obliges the Author to the like, p.2, Books concerning the Torricel- 
lian Experiment wherewith the Author was formerly unacquainted, ibid. 
The Inconvenience of Linus's Principles, ibid. The diviſion of the enſuing 
Treatiſe into three parts, 

CHAP. II. 

A repetition of the Adverſary's Opinion and Arguments, His Argu- 
ments againſt the Weight of the Air examined, p.4q. An Experiment of 
his to prove that the external Air cannot keep up twenty Inches of Buick: fil- 
ver from deſcending in a Tube twenty Inches long, ibid. The Author's 
anſwer and reconciliation of the Experiment to his Hypotheſis, p.'5. and 
the relation of an Experiment of the Author's, wherein only water being 
employed inſtead of Buick ſilver, without other alteration of the Adverſaries 
Experiment, it agrees well with and confirms the Author's Hypotheſis, and 
his Explication of the mentioned Experiments, ibid. That Watet hath no 
Spring at all, or avery weak, one, p.6. The ſecond Ar;ument examined, ib. 
Whether the ſame quantity of Air can adequately fill a greater ſpace, p. 7, 
The conceivableneſs of both Hypotheſes compared, ibid. 

CHAP. 1II., 

Another Argument of the Adverſaries, from an Experiment wherein the 
Mercury ſinking draws the Finger into the Tube, examined, Q. Whether 
the Mercury placed in its own ſtation is upheld by the external Air, or ſuſ- 
pended there by an interxal Cord ? p.7,8. 

CHAP. IV. 

A repetition of Franciſcus Linus his priucipal Experiment, wherein in a 
Tube of twenty Inches long the Finger on the top is ſuppoſed to be ſtrongly 
drawn and ſuck;d into the Tube, p.8, The Experiment explicated without 
the aſſjtance of Suction, by the preſſare of the external Air upon the outſide 
of the Finger, thruſt, not ſuck'd in, p.g, Franciſcus Linus bis argumen-" 
tation co: ſidered, p.10, Vu CHAP, 


(x14 ) 
| CHAP.vV. LT. 

The Ex1miners laſt Experiment conſidered, in which he argues againſt the 
Author's Hypotheſis, beeauſe Mercury is not ſuckd out of 8 Veſſel through 
a Tube ſo eafily as Waters, p.11,12. An __ of Monfiexr Paſchal] 
ſhewing, that if the upper part of a Tube could be freed from the preſſure 
all internal Air, the Mercury would by the preſſure of the outward Air be 
carried up into the Tube as well s Water, till it had attained a beight great 
enough to make its weight equal to that of the Atmoſphere, p.13. Why ing 
more forcible reſpiration the Mercurial Cylinder is raiſed higher than in 4 
more languid.p.14. A Remark by the bie, That the contraGian of the Ag. 
verſaries ſuppoſed Funiculus is not felt upon the Lungs, p.15, 

.CHAP. VI. 

The examination of the Adverſaries 4th Chapter, p.15. That the Spring 
of the Air may bave ſome advantage is point of force ahove the Weight of i, 
P-16. That it it unintelligible how the ſame dir can adequately fill nwe 
Space at oxe time than at another, p.17. 


PART IL 


Wherein the Adverſaries Funicular Hypotheſis 7s examined, 
CHAP. L | 

Wherein what is alledged to prove the Funicalus #s conſidered ; and ſome 
Diffculties are propoſed againſt the Hypotheſis. | 

The nature of this ſuppoſed Funiculus deſcribed, p. 18. That according 
to the Adverſaries Opinion this Funiculus is produced by Nature only ty 
binder a Vacuum, p.19,20. The Adverſavies proofs that there is no Vi- 
cuum examined, p.20,2i, That where-no ſenſible part is un-enlightmed, 
the place may not be full of light, p.21. ' The ſame true in Odours, ibid, 
That there may be matter enough to tranſmit the impulſe of Light, thong) 
betwixt the Particles of that matter there ſhould be ſtore of Vacuities inter- 
cepted, p.22, That a ſolid Body bath no conſiderable ſeuſe of preſſure from 
fluid bodies, p.24. Of the cauſes of the Vibrations of Puick-ſilver tn itt 
deſcent, p.24,25. 

CHAP. II. 

. Wherein divers other Difficulties are objefied againſt the Funicular Hy» 
pothefis, As that in Liquors of divers weights and natures, as Water, Wint 
and Duick: ſilver, there ſhould be jujt the ſame weight or ſtrength to extend 
them into a Funiculus, p.27, That whereas the Weight and Spring of the 
Air is iaferr'd from unqueſtioned Experiments, the account of that Hypo- 
theſis ir flrange and unſatisfafiory, 4s that the Quick, ſilver doth not. only 
touch the top of the Glaſr, but ſtick, toit; That Nature wreaths a little _ 
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-onn nn, Toy 
fied Air into a ftrong rope even able to draw up Quick:ſilver, p.27,28. That 
Rarefattion ir performed by a certain unknown force, or vis divulliva, ibid. 
That thin Surfaces ave left ſucceſſively one after another, that theſe Surfaces 
are contrived into ftrings, that may be ſtretch'd without being made more 
ſender, Eve. p. 29, The illuſtration of the manner how his Funiculus is 
made, from the rarefattion of Wax or Tallow in a lighted Candle, is conſider- 
ed, p.30. and ſhewtd not #0 be appoſite, ibid. Divers other difficulties and 
improbabilities manifeſted in the Funicular Hypotheſis, p.31. Of the in- 
ward Spring neceſſary to the contraGion of his Funiculus, p.31,32. Ar 
Argument from a Pendulum's moving freely in an exhauſted Receiver, that 
the medium it moves in doth not conſiſt of innumerable exceedingly- 


ftretch'd-ſtrings, p. 35. 
CHAP. III. 


The Ariſtotelean RarcfaQtion propoſed by the Adverſary examined, What 
Rarefatiion and Condenſation is, p.34. Three ways of explicating how Ra- 
refaion is made, p.34,35- Abſurdities in reſolving the Magdeburg Ex- 
periment by the Ariltotelean way of RarefaGion, p.36. The inconveniences 
of the ſeveral Hypotheſes compared, p.37. The difficulties in the Adverſa- 
ries explaining RarefaGtion by Bodies infinitely diviſible, ibid. The difficul- 
ties of explaining it by ſuppoſing Bodies made up of parts indiviſible, p. 39, 
40. The difficulties wherewith his Condenſation is incumbred, as that it in- 
firs Penetration of Dimenſions, Ec, p.41. 

: CHAP. Iv. 

A Conſideration pertinent to the preſent Controverſie, of what happens in 
trying the Torricellian and other Experiments at the top and feet of Hills, 
1hat the Funicular Hypotheſis is bat an Trverſinn of the Elaſtical, one ſup- 
poſing a Spring inwards, the other outwards ; one performing its effes by 
Pulfion, the other by Trafion, p.46. That theſe trials on the tops and feet of 
Hills determine the caſe for the Author's Hypothelis, p.47. The truth of 
the Obſervation of Monſieur Paſchall confirmed, p. 48. and the ſeveral tri- 
als that have been made of it related, ibid. A trial of the Author's from 
the Leads of the Abbey-Church at Weſtminſter, p.50,51,52. That the 
ſubſidence of the Mercury at the top of a Hill proceeds from the lightneſs of 
the Atmoſpherical Cylinder there, p.5 3. The relation of an Experiment late- 
ly made at Hallifax Hill in confirmation of the former, p.5 4. 

CHAP. V. - 

Two new Experiments touching the meaſure of the force of the Spring cf 
the Air compreſs'd and dilated. That it is capable of doing far more than 
the neceſſity of the Author*s Hypotheſis requires, p.55. The firſt Experi- 
ment, of compreſſing Air by pouring Mercury into a crooked Tube, related, 
ibid. Wherein the ſame tir being brought to a degree of denſity twice as 

VauS - great, 
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great, obtains a Spring twice as firong as before, p.57. ATable of the C9. 
denſation of #be Air according to this Experiment, p.58. Particular Cj. 
cumftances obſerved in the making the Experiment, ibid. How far the 
Spring of the Air may be increaſed, p.60, Of the decrement of the fory 
of dilated Air, p.61. A Table of the Rarefafiion of the Air, p,62, py. 
ticular Circunitances in making the Experiment whence this Table wy 
drawn,p.63,&c. That the free Air here below appears to-be near as ſtrong. 
ly compreſt by the weight of the incumbent Air as it would be by the Weight 
ef a M*rcurial Cylinder of 28 or 30 Inches, p.65. 


PART II. 


IW herein what is objected againſt Mr. Boyle's Explications of particuly 
Experiments is anſwered, : 

The entrance into this Part of the Diſcourſe, with an advertiſement buy 
far only it will be requiſite to examine the 4dverſaries aſſertions and explica. 
tions, the Hypotheſis on both ſides being before confidered, p.67. 

A defence of the firſt and ſecond Experiments , concerning the intruſuun if 
the Finger into the Orifice of the Valve of the evacuated Receiver, p.68, 

A defence of the third Experiment, why the Sucker being drawn dowy 
there is no greater difficulty in the end than in the beginning of the depreſſug, 
ibid. | 

Of the fourth Experiment, touching the ſwelling of a Bladder upon the 
exhauſtion of the ambient Air, and proportionably 19 that exhauſtion, p, 70, 
71. The Author's and the Funicular Hypothelis in the explication of thi 
Phenomenon compared, ibid. | 

Of the fifth & xperiment, ibid. 

Of the eighth Experiment, about the breaking of a Glaſs-Receiver which 
ws not globular upon the exhauſtion of the inward Air, p.pi, Whether it 
were more likely to be broken by the preſſure of the 4tmoſphere without, or 
contraion of a ſtring of Air within, p.72. 

Of the ninth Experiment, ibid. Whether the breaking of the Vial out- 
wards in the exhauſted Receiver, was cauſed by the preſſure of the Atmoſphere 
through the Tube which was open to the ambient Air, p.73. 

Of the 17. Experiment, p.74,75,76. The Torricellian Experiment being 
made within the Recejver, whether the deſcent and aſcent of the Mercury 
i1the Tube, nnder and above its wonted ſtation, be cauſed by the debili- 
tated and jtrengthned Spring of the Air, ibid. . 

Of the 18. Experiment, p.77,78. Whether the Authors or the Funi- 
cular Hypotheſis aſizn the more probable cauſe why a ' ylinder of Mercury 
did in Winter riſe and fall inthe Tube, ſometimes as Water in a weather- 
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glaſs accordiug to the laws of Heat and Cold, and ſometimes contrary there- 
#nto, ibid, ' 

Of the 19. Experiment, p.7 9. 

Of the 20. Experiment, p,79,80. Some miſtakes in the Adverſary of 
the Author's meaning about the Spring of the Water, and the places whence 
the bubbles aroſe, ibid, The Hypotheſes compared, ibid. 

Of the 31. Experiment, p.81,82,83, Of the cauſe why the Marbles 
fell not aſunder in the exhauſted Receiver, though a weight of four Ounces 
were hung at the lower ſtone, ibid. Whether the account of the Author or 
Adverſary be more ſatif atory, ibid, 

Of the 32. and 33. Experiments, of the re-aſcent of the Sucker and its 
carrying up agreat weight with it upon the exhau(tion of the Receiver,p.8 4. 
How the fleſh and neighbouring blood of a Patient is thraft up into a Cup- 
ping-glaſs, ibid. 

Of the ; 7. Experiment, and the cauſe of the appearance of light or white- 
neſs therein, p. $5. 

Of the 40. and 41. Experiments, concerning #he cauſe of the ſudden 
death of Animals in the exhanfted Receiver, p,$5,86. 

Of the 42. and 43. Experiments, p,$7, 
The Concluſion, p. 91.92. 
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FJ: ING; ſoon after I: had begun the following 


Examen of Mr. Hobbss Dialogue, been diverted for 

- a good while by divers utgent Avocations from purſu- 

ing itz 1 was in the meantime informed by learned-men (fome 
of whom keep great Correſpondences with the Virtuoſtabroad) 
that my publiſhing any thing againſt his ObjeQtions would 
not be neceſſary, nor was much expeted: WhereuponlI ſhould 
perhaps have declined reſuming an Employment, thatto a per- 
ſon of my humour could not bedelightfull ;but that befidesthoſe 
Inducements mentioned at the beginning of the following 
Treatiſe, it came into my mind that my Adverſary, not con- 
- tent'to fall upon the Explications of my Experiments, has (by 
an Atterapt, for ought I know, unexampled) endeavoured to 
diſparageunobvious Experiments themſelves, and todiſcourage 
others from making them. Which if he could by his Dialogue 
effe&, I dare be bold to fay, he would far more prejudice 
Philoſophy by this one Tra&, than He (and that it may not 
ſem ſaid to undervalue him, I ſhall adde, or any Man elſe) 
can promote it by all his other Writings. Wherefore, though 
his diſparaging of Experiments would probably have much 
more Authority (eſpecially with conſidering men) it he had 
been the Author of confiderable ones, ordid appear to be more 
than ordinarily skilled in them: yet leſt for all this his Fame 
and Confident way of writing might prejudice Experimental 


Philoſophy in the minds of thoſe who are yet ſtrangers to 
a 2 --—- 


The Preface. 


it, I thought it not amiſs, both to go on with the Diſcourſe 
had begun, and toenlargej —_ I firſt deſigned; and 
accordingly, w the interfled Vindication of the main points 
of our Dodrine, The Weight and Spring of the Air, which 
Gif I miſtake not) we have firmly eſtabliſhed, we have addeq 
an Examer that otherwiſe we ſhquld ſcare havens of the 

reateſt paxt offh Pl RG be Mr. #ogbs's book, 

oft” of which I thought” might be rationally” ueſtion'd, and 
many of them clearly diſprov'd. And in purſuance of this, 
though Idid not perhaps alwayes think my ſelf oblig'd to pro- 


ſecure: things furtherthan the natareofi mp>Deſfigr and 


or to forget thar:the Macters in diſpite:werenatall ofangqual 
weights; yet the Reflexions:I:have employ'd& will, I pr ; 
be found : fufficient to ſhew: both that 'tis ;cafie- even -: for + 
reat. - Wit frequently enough -to miſtake,: and much more 
equently to mifs of clearly demonſtrating what-- he . pre- 
tends' 51 matters Phyſical,” for! want of having ſufficiently 
confidered: the. Experiments he would be thought. to deſpiſe; 
and that Mr. Hobbs Adverfaries need not be much aſhamed of 
the Name: he is pleaſed to give them of Experimentarian Phi. 
loſophers. .'It. was alſo ſuggeſted to me, that the dangerous 
Opinions about ſome important, if not fundamental, - Articles 
of Religion I had met within: his. Leviathar,:and ſome other of 
his Writings, having. made 'but too- great Impreſſions - upon 
divers perſons, (who, though ſaid to be for the moſt part 
either of greater 2zality, or of greater Wt than Learning, do 
yet divers of them deſerve better Principles) theſe Errors being 
chiefly recommended by the Opinion they had of Mr. Z7obbs's 
demonſtrative way of Philoſophy 3 it might poſſibly prove 
ſome ſervice to higher Truths than thoſe in Controverſte be- 
tween him and me,: to ſhew that in the Phyficks themſelves 
his Opinions, and even his Ratiocinations, have no ſuch great 
advantage over thoſe of ſome Orthodox Chriſtian Naturaliſts. | 
But for all this, as little -as I would grudge; to write a much 
Jopger than. the following Diſcourſe to.do Religion _—_— 
EIVICE3 


| The Preface. | 
chat yet thinking # fit to leave Controverſies of this kind 
toithoſe whom'they more particularly:concetn, 1 ſhould ſcarce 
inthe InroduQion 'to:a Diſpute” about: the Air have at all 
mentioned any thing of this nature, but-that Mr. Hobbs in the 
Preface to his Dialogne is pleaſed (though I know not to 
what purpoſe- 18 that place) to. ſpeak without- limitation or 
diſtintion (and- conſequently 'unwarily enough at leaft) of 
the thirigs' ſaid in the Books'of Naturaliſts concerning imma- 
terial ſubftances, (and ſure ſome things #re, ( at leaſt' 7hax 
there are ſuch Beings ) as well as fome things erroneors, are 
there ſaid: though he hath been by the learned Dr. More 
and others pablickly” accuſed -to' have taught, That *cis 
abſurd - to believe that there either I Guns 
are or. can be'any. Which yet me- ——xez; hominis Philoſophi oe 
thinks he- ſhould not-do, fince elſe- cenfiy. corhuticnr -quernndene, ug 
where and in-this very Dialogue-he eo ag rate oe 
builds ſeveral things in his Philoſo- mirabiles exiguitates non admits 
phy upon the Creationof the World, !96,cumVimai cjuſtem inf 
and an Infinite Power: And how-a oe nr ag Hobs in 
thing material can create matter and ®'s Þ12iogue of rne Atr, page 
hos an Infinite Power, I confeſs I he OOO $0gy', 5+: 08 
do not underſtand. By 
[ doubt not but Critical*Readers will think: I might have 
excepted-againft many more particulars:in Mr. Hobbs Book 
than Fhave Examin'ds and indeed about this I dare not con- 
tend - with them.. For befides that I may. through haſte and 
indifpoſednels to quarrel, have 'over-ſeen ſeveral things 
which an Eye either ſeverer or more attentive would have 
obſerv'dz I purpoſely- paſt by divers things I did not altoge- 
ther over-look; partly, becauſe I thought it needleſs to- 
queſtion them i{ having no want of other Objeftions) and 
partly, becauſe I could not do fo' in few words, and was 
loth to engage in needleſs and long-winded Diſputes : And 
perhaps I was too weary of my Employment to be willing 
to ſpend: many words when: I could fafely. ſpare _— 
| aZ And : 


| The Preface. 
And though others will poſkibly think it ſtrange, that a Mem- 
ber of the Society he is ſo ſevere to ſhould not take notice 
of ſuch paſſages as theſe, Nam convenient (ayes he, ſpeaking 
of the Virtuoſi that meet at Greſhan College) Studia conferant, 
Experimenta faciant quantum volunt, niſt & principiis utantuy 
mes, nihil proficient 3 and again, Ne Ui que dicerent non yi. 
dentur cogitaſſe, ſed ſortitos eſſe; and elſewhere, Conjicere hinc 
licet, quam ſint boni ratiocinatores, & que ſit ab illis expeFand; 
Philojophia Naturalis z and (to trouble you no more) 44 
. cauſes antem propter quas proficere ne paululum quiden Potuiſtis 
Tec poteritis, accedunt etiam alia, ut odium Hobbii, quia 
nininn libere ſeripſerat de Academiis veritatem: Nam ex eg 
terpore irati Ph Ie &» Mathematici veritatem ab eo wenientem 
201 recepturos ſe palam profeſſe ſunt: Though, as I faid, ſome 
may wonder I ſhould ſilently pretermit ſuch paſlages as theſe ; 
yet beſides what I elſewhere ſay by way of Account of my fo 
' doing, I ſhall here tell them, that I preſume ſome ſorts of 
Readers will more eafily pardon me for negleQing ſuch Ex- 
preſſions, than they will Mr. Hobbs for uſing them. - And | 
confeſs, I thought I ſhould find it more eaſfie to fay nothing 
at all to ſuch paſlages, than fay any thing without ſaying 
ſomewhat that would offend a Perſon that could allow himſelf 
to ſay ſuch things. Though I ignore not that divers Readers 
will much the leſs relliſh the following Diſcourſe, for my 
having, perchance not altogether for want of knowing how 
to write otherwiſe, forborn to furniſh it with quick and ſmart 
Expreſſions, which are wont to be employ'd in Diſputes, to 
expoſe or depreciate an Adverſaries Perſon or Cauſe, and 
which are uſually not the leaſt things that ſerve to amuſe 
ſuch Readers, and engage their attention. But I fear I have 
much leſs need to make Excuſes for my Omiſſions, than 
for having in the following Examen been reduc'd by the 
Nature of my Task, to fay ſo many things which Intelli- 
gent Readers need not be taught by me. And therefore 
fuch ſhall have my conſent to skip, it they pleaſe, the whole 
| Diſcourſe; 
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Discourſe;z which though I conld ſcarce upon ſuch an Occaſion: 
make a very Inſtracive one, yet if they will be pleas'd to 
forgive me its Barrenneſs, I hope hereafter to avoid the like 
Temptations of writing again at the like rate. 

"And having ſaid thus much as to the Reaſozs of my penning 
the following Diſcourſe, TI muſt adde ſomething, though but 
Ittle, touching the Marrer of it; Wherein I hope I have not - 
much, if at all, ſwervd from what I propos'd to my felf, 
namely, to give an Example of Diſputing in Print againſt a 
Provoking, though unprovoked, Adverſary, without Bitter- 
neſs 'and 'Ingviltty, and without purfuing thoſe things which 
how mach more ſoever they belong to the Perſon of an Anta- 
goniſt than to his Cauſe, are wont to make up a great part (if 
not the. greateſt) of Books divulg'd on ſuch Occaſions. But 
fince I intend what I write for Intelligent and Ingenious 
Readers, I dare expe& that my 'forbearing to infiſt on ſuch 
things as I judg'd wholly extrinſecal to the Opinions and Ar- 
guments I examine will be aſcrib'd to the true Cauſe, That my 
Diſcourſe will not be thought to have the leſs of Reaſon for 
having the leſs of Paſſion; and (eſpecially) That my ſilence 
as to thoſe things that are ſpoken to the Diſparagement of the 
Illuſtrious Company that meets at Greſham College, will be. 
look'd upon onely as an effe& of my judging it fit to leave 
them the full Liberty to right themſelves, if they think it 
+ worth while, by ſome better Pen than mine. And if Mr.. 
Hobbs think fit to ſay any thing to the following Diſcourſe, ir 
will not be amiſs that his Reply be as inoffenfive as I have 
endeavourd to make my Examer. For having diſpatch'd as- 
much as I think requiſite to ſay of this Controverſte my ſelf, and. 
having other (and I hope better) Employments for my leafure 
hours, if I can get any; I muſt leave the further Diſputes, 
if any ſhall ariſe, to be manag'd by others, who, if Mr. Hobbs 
refuſe to imitate my way of writing, will poſſibly make no. 
ſcruple to imitate his, and put him in mind of that Law of Veſpa- 
fan, upon which himſelf would be thought to ground that ww 
OT. 
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of ſtrange Titles he beſtows upon the two Learned Sav;/;an 


* So go your wayes 
(ſpeaking to or 
hratly and DoQor 
S.Ward) you uncivil 
Ecclefiafticks, Inhu- 
mane Divines, De- 
doRors of Morality, 
- unaſinous Collegues, 
Egregious pair of 
Tachar's, moſt wret- 
ched Vindices and 
Indices Academia- 
rum , and remem- 
ber Veſpaſians Law, 
&c. Mr. Hobbs Leſs 
ſon 6. page 64. 


ſume it will not be wonderd 


* Profeſlors,. That it is untawfull to give ill 
Language firſt, but civil and lawfull to return 
it. 1 have but one thing more. to adde; 
which is, that I would not be ſo far miſtaken, 
as to be upon the Account of what I have 


Written againſt my two Adverſaries, - look'd 


upon as a-Perſon wedded to his Opinions : 
For not having hitherto learn'd that either 
of their Books has yet made Proſelytes, 1 pre- 
7 that they 
have not made me one. And. tholigh the 
two Learned Authors I have anſwer'd, have 
given me no Cauſe to retrat any of my 


Opinions; yet as 'tis not improbable that others reaſoning 
upon better Principles may do what theſe. have not done, fo 
I am till of the ſame temper I was of when usd to propoſe 


my Thoughts but as Conjeftures. 
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| AN 2 
Of the greateſt Part of Mr. HO BB S's 


DIALOGUS PATYSICUS 
De Natura Aer. 


CHAP. I. 
The Occaſion and Scope of the preſent Treatiſe. 


Eeting the other day with a Treatiſe then newly 
M publiſhe by Mr. Hobbe, and intituled Djalogws 
Phyſicas De Natura Aeris 3 The Name of the Au- 

thor, the Subje& of the Book, and the Information I had 
a good while before received from his Friends that he was 
writing againſt me, invited me to peruſe it as a Diſcourſe 
wherein I might probably find my ſelf concern'd: nor was 
I deceived in my ExpeGation. For having curſorily paſs'd 
through it, I readily found, that though I be not expreſly 
nam'd there, and though ſome things in the Title-page, and 
ſome others in the Book it ſelf, ſeem to make the chief 
Defign of it to be the Diſparagement of the Society that is 
wont to meet at Greſham College; yet the Arguments 
are for the moſt part levelled at ſome Writings of mine, pu+- 
bliſhed ſome of them the year hefore, and ſome of them 
this laſt Spring 3 As the Experiments, whoſe Explications he is 
b pleaſed 


bole 
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pleaſed to cenſure, do all along declare. I confeſle I was 
ſomewhat ſurprizd to find that Mr. Hobbs, whom if m 

Books have at all mentioned, it has been withreſpect, ſhould 
fall upon a perſon that had-not provoked im, -whilſt fach 
Mathematicians as Dr. Wa#is, Dr. Ward, Tacguet, and Mo- 
ranus (Men much too famous to be deſpicable Adverſarics) 
having a good while ſince profeſiedly and unchalleng'd writ- 
ten againſt him, he hath yet, the whole Diſcourſes of ſome, 
and fo great a part of the ObjeCtions of the others, to reply 
to. And it ſomewhat added to my wonder, that a.Writer 
of Politicks ſhould cauſeleſly and needlefly, for ought I can 
learn, fall upon a Society, whereof, beſides many other Per. 
ſons of Quality and men of Parts, his own great Patron, and 
my highly Honour'd and Learned Friend, The Earl of Devon- 
ſhire himſelf, is an Tlluſtrious Member. And as for me, I ſhall 
not ſcruple to confeſs, that I could have been well enough 
contented Mr. Hobbs had ſpared this Dialogue, partly be- 
cauſe I have a natural Indiſpos\dneſs to Contention, partly 
becauſe I am at preſent diſtracted by ſtore of other Employ- 
ments both of a Publick and a Private nature, (and particy- 
larly by the publiſhing of three or four Books of differing 
Subjects, and Printed in ſeveral places) partly becauſe Mr. 
Hobbs's ObjeRions are of fuch a Nature, that perhaps my Re- 
plies, though 3s ſhort as (my Deſign mention in the Pre- 
face conſidered) I can conveniently make them, will amount 
to a longer Diſcourſe than moſt Readers will think the Ob- 
#Qions needed; and partly too, becauſe Mr. Hobbs is pleasd 
to write of divers Worthy and Learned:Mer: in ſo depreci- 
ating, and of himſelf info differing, a way, that I fear I ſball 
find it ſomewhat uneaſfie to retain (under ſuch Provocations 
to decline it ) the Civility I am wont, and am deſirous to 
write with ; and that I muſt almoſt deſpair of diſſenting with- 
out an-abſolute Rupture from a Perſon, whoſe way of Di(- 
eourſing is ſuch, that though I ſhall not give it any Epithete, 
yet I confeſs it leaves me but little hope that I can oppoſe him 
without angering him. But 
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But however, becauſe if I can (as T intend to do) fo far 
comply with my Inclinations and my Cuſtom, as to wave 
perfonal and'extrinfick Matters, and reftrain my ſelf to the 
Examemn of the Argumentative part of his Diſcourſe ; My Re- 
ply wilt not''need to be prolix; and becauſe he has vouch- 
fafed rather to fingle out a young Writer, whoſe Books (at 
leaſt of Matters Philoſophical) do but begin to appear in the 
World, than to defend himſelf againſt thoſe Illuſtrious Ene- 
mics, upon whom he _ expect to gain much more Ho- 
noar 3 and becauſe Mr. Hobbs's Name may with ſome Rea- 
ders give his Arguments an Efficacy which their own Nature 
could not confer on them; I muſt refolve to ſubmit to what 
he and my- Concern'for the Truths he rejeds impoſe upon 
me. But to ſhortenas much as F can a Work to Which I can 
allow but very little time, it will be expedient before I de- 
ſcend to the Examination of Particulars; to premife three or 
four Advertifements touching the Occaſion and the Nature 
of the Controverfie, that I might not be reduc'd to a fre- 
.. quent and unwelcome Inculcation of the ſamethings. 


Eo, F000 CHAP.IL. | 

Of ſome miſtakes of Mr. Hobbs touching matters of fa}, and 
the Author's Do@rine. 

A Nd firſt, -whereas Mr. Hobbs is pleas'd to write as if the 
"YN Explications and Experiments to be met with in the 
Phyſico- Mechanical Treatiſe he cenfures, were thoſe of the 
whole Society at Greſham College; I muſt do them that 
Right to declare, that this way of Proceeding is manifeſtly 
grounded upon a Miſtake. I wilt not affirm that the Miſtake 
was wilfull, that Mr Hobbs might give himſelf a pretence to 
Quarrel with them, (who have hitherto fuſpended the Declar- 
mg themſelves as a Society) in the controverted Points. But 
there are ſome that think Mr. Hobbs might very eafily have 
avoided this miſtake: fincethe Book he cenſures was publiſh- 
ed (and perhaps taken notice ” by moſt of the Firtwofs _ 
2 '« ſome 
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ſome Months before the Society was begun. And the Experi. 

ments themſelves'had been long before the Book came forth, 

not onely ſeen and diſcourſed of by divers Learned Men and 

Tluſtrious Perſons, but had the Honour to have our great 

Monarch of the Virtnoſs, as well as of Great Britain, for a 

SpeQator. And though poſlibly divers of the Learned Mem- 

bers of our Aſſembly may have no unfavourable opinion of 

what I have delivered in that Book; yet the Aſſembly, ag 
ſuch, has been ſo far from Adopting or Owning-my Opinions 
as theirs, that it has with Approbation been proposd among 
them, to repeat the Experiments, and take a review of the 

Explications, that upon a ſtrict Examer of the ſeveral Opj- 

nions, and the ObjeRions that could be brought in againſt 

them, they might ſee what Judgement will be fit to be paſt 
on them. And although there be very few Philoſophers whoſe 

Parts may make their Judgement more formidable to me ; 

yet tocomply with their Defign, whatſoever the event might 

be, I preſented them the Engine it ſelf, I had made uſe of 
and deſcrib'd in my Book; chufing rather to undergo their 

Cenſures, than want their Inſtructions. By which it may ap- 
pear, upon how little ground Mr. Hobbs has thought fit to 
1mputeto the Society thoſe Opinions which (how Erroneous 
ſoever he is pleas'd to think them,) I muſt own to be mine. 
And this Juſtice I the rather do It, becaule 'tis-all that I am 
todo in this Treatiſe on their Behalf, not onely for the Rea- 
ſons above intimated, but becauſe the Vindication of ſuch an 
Aſlembly againſt Mr. Hobbs deſerves a better Pen than mine, 
though it doth not need it. 

. Secondly, undertaking then the Defence of my own Cauſe, 
without Intereſling themin-my Quarrel, I muſt next admon- 
1h the Reader, that whereas Mr. Hobbs writes, as if the new 
Experiments were deviſed or at leaſt employ'd, to prove a 
Vaicunm; he is in this likewiſe miſtaken. For neither has the - 
Society declared either for or againſt a Facxum, nor have I: 
Nay. have not only forborn to profeſs my ſelf a Vacuiſt, or a 
| Pleniſt, 
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Pleniſt, but I have in a fit place of my Epiſtle expreſly faid, 
that I reſerv'd the declaring of my own Opinion touching that 
Point to another Diſcourſe (which as yet is not publiſhed.) 
Wherefore Mr. Hobbs either injures or miſtakes thoſe, whom 
he will needs make his Adverſaries, when he repreſents the 
new Experiments as Demonſtrations alledg'd by profeſs'd 
Vacuiſts to diſprove the Fulneſs of the World. And though 
7 ſhall beoblig d in the following Diſcourſe to reject Mr, Hob- 
' bs Suppoſition of a Plexum;, yet I intend not thereby to de- 
clare whether or-no I do abſolutely allow a Vacuum. But 
that which I drive at, and which alone my preſent Work ex- 
as, is to ſhew that I may reaſonably oppoſe the Hypetheſes 
of a Plexnm, as it is ſtated by Mr. Hobbs: and conſequently, 
unleſs he had better prov'd it,, I may very well refuſe to let 
Him take it for demonſtrated. But I intend not to queſtion 
whether or noother Pleniſts may not have better Arguments 
than his Principles have ſuggeſted to him: nor to deny but 
that the Carteſtars, may without granting a Vacuum, give 
a more plauſible Account (whether true or no) of divers of 
the Phenomena of our Engine, if they will add, as ſome of 
them of late have done the Spring of the Air to their Hypothe- 
fs, That the Celeſtial Matter of which the Air does in great 
part conſiſt, is ſubtile enough freely to paſs through the Pores 
of thecloſeſt Bodies, and even Glaſs it ſelf. 
. As for the Aſlertion Nox dari vacunm, though, as I faid, I 
need not in this place declare my {ſelf either tor or againſt it, 
yetI confeſs I do not find that Mr. Hobbs, though all along 
this Diſcourſe he argues from this Principle againſt thoſe he 
thinks Vacuiſts, has demonſtrated it. For in his 


Cap. 26, 


Book De Corpore (though a main part of it depend $5 ©: 

upon the Plenitude of the World) He has that I 

remember, but one poſitive Argument (indeed he thinks 

that unanſ{werable) toevinceit. And that is drawn from this 

Experiment: That if a Gardeners Watering- Pot be fill d with 

Water, the hole at the top being ſtopt, the Water will not flow out 
b 3 


at any of 


the 
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the holes in the bottom + But if the finger be removed 16 let ine 
the Air above, it will run ont at them all; and, as ſoon as the 
finger is applied to it again, the Water will ſuddenly and total. 
lay be ſtayed again ffom running out. The canſe whereof ({ub- 
joyns he) ſeems to be no other but this, that the Water cannot 
by its natural endeavour to deſcend drive down the Air below 
it, becauſe there is no place for it to go into; unleſſe either by 
thruſting away the next contignow Air it proceed by continual | 
endeavour to the hole at the top, where it may enter and ſucceed 
iz: the place of the Water that - floweth out; or elſe by reſiſting 
the endeauonr of the Water downwards penetrate the ſame, and 
paſs wi through it. | 5 | 

- - But this Experiment, as an {obvious one, and without 
dreaming that Mr, Hobbs had laid ſuch ſtreſs upon it, I have 
incidentally anſwer'd in what I fay in two or three paſſages 
on the thirty third Experiment of my Epiſtle. But after found 
that it had been more fully anſwer'd (but upon Grounds ſome 
of which I do not need) by my Leamed Friend Dr. Ward, 
with whom I thus take Mr. Hobbs his Argument to pieces. 
The Cauſe, according to Mr. Hobbs, of the Suſpenſion of the 
Water in the Veſlel is, that the Water cannot thruſt away the 
Air. 2. And it cannot thruſt that away unleſs Air ſucceed 
in its place. 3. But Air cannot ſucceed in its place, unleſs 
either by getting tn atthe upper Oriftce, or at the Holes that 
perforate the bottom. By which view of the Argument it 
appears that the main force of it lies im the ſecond Propoſiti- 
on; but neither doth he demonſtrate that (which omiffton 
might excuſe us from any further Anſwer) nor indeed do[ 
think it true. For if the Watering Pot were tall enough, what 
Reaſon is there, why the Water ſhould not run out-at the 
Holes of it > as Mo»ſreur Paſchal's Experiment mentioned in 
my Epiſtle manifeſts ; That though ina Glaſs-Tube Hermeti- 
cally ſealedat one end, and ſeveral times as long asa Water- 
ing-Pot, the Water will not fall down; yet it will, if the 
Tube exceed two or three and thirty foot, or rn” 
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And indeed the Suſpenſion or Deſcent of the Water depends 
upon the Proportion betwixt the weight of the Aqueous Pil- 
lar that tends downwards, and the Reſiſtance or Preſſure of 
the Air that -can come to bear againſt it. For as on the one 
ſide, when the height of that Pillar is fo increas'd, as that it 
can outweigh the Atmoſpherical Cylinder that oppoſes its De(- 
cent, 'twill flow out till thoſe two Cylinders come to an 
Equilibrium: fo on the other (ide if inſtead of increaſing the 
length of the Cylinder of the Water, you leflen the pretſure 
and refiſtance of the Air, the Water will likewiſe deſcend, 
though the Pillar be very ſhort, as I have ſhown in the nine- 
teenth Experiment; where by withdrawing ſome of the Air, 
in the Receiver, and thereby weakning its Spring, the Water 
in a Tube Hermetically ſeal'd at one end of but about four 
foot long ſubſided about three foot, though That the ſpace 
relinquiſh'd by theWater was not full of Air, as Mr. Hobbs 
his Argumentation requires it ſhould be, may be prov'd by 
what.is there added, That by letting in the outward Air when 
the Water was ſunk ſo low it was immediately impell'd up again 
to the higher parts of the Tube. | | 
And indeed (as I elſewhere diſcourſe) it ſeems In fore Dia- 
to me a difficult matter for thoſe that reje&, as pou pt Hoo 
Mr. Hobbs juſtly does, that Conceit of Natures : 
Abhorring a Vacuum, and making it, as it were, her buſineſs 
to hinder it, to prove there can be no Vacuum at all by any 
particular Experiment. For if the Fulneſs of the World be 
not made neceſfary either by the Nature of Body in general, 
or by the Deſign of the Author of the Univerſe, it can-ſcarce 
be eaſie to prove by a particular Experiment,that no Humane 
Force or Art can contrive away of overcoming at leaſt for ſome 
time, and as to ſome ſpace, either the Gravity of fluid Bodies 
or whatever other Quality of the Air or Water it is by which 
the Contiguity of the neighbouring Parts of the World is 
wont to be maintain'd. As we fee the Water that will not 
.:dekcendeven ina Tube of thirty foot, (and thereby has made 


melt 
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menthink it will never deſcend whilſt the Air is not permitted 
to ſucceed it,) may by our Engine be brought to ſubſide in 
a Tube of about a foot long. And I ſhall here add this out 
of my (yet unpubliſht) Dialogues of Flame and Heat : That 
whilſt onely particular Experiments are Ong to aſſert the 
Impoſhibility of a Vacuum, perhaps the Vacuiſts will have the 
Advantage on their ſide. Fora thouſand Experiments are not 
of that force to prove univerſally that a thing cannot be ef- 
tected, as one that ſhews it may be, is to prove the contrary, 
And the Vacuiſts have'as well as the Pleniſts ſtore of Experi- 
ments on their fide that ſeemto favour their Hypotheſs,accord- 
ing to which, were it true, I ſee not why they may not ſolve 
the Objections drawn from either the aſcenſion of Liquors 
upon Suction, or the non-deſcenſion of Liquors 1n Watering- 
Pots clos'd at the top, or from any of the like Experiments 
I have yet met with, in cafe the Weight and Spring of the 
Air be taken in to ſolve the Phenomena. And the Vacuiſts 
will have this Advantage, that if Mr. Hobbs ſhall fay that it 
it as lawfull for him to aſſume a Plex as for others to aſſume 
a Vacuum ;, not onely it may be anſwer'd, 'tis alſo as lawfull 
for them to aſſume the contrary 3 and he but Barely Aſſuming, 
not Proving a Plezum, his Dodrine will ſtill remain queſtion- 
able. But I think I could fay more in favour of the Vacuiſts 
Experiments; namely, That whereas in ſome Phenomena of 
the Torrece/ian Experiment, and in many of thoſe of our En- 
gine, Mr. Hobbs proves the ſpace deſerted by the Quickſilver 
or the Air to have no Vacuity, becauſe according to his Sup- 
poſition the World is full; and not by any ſenſible Phenom: 
ezathat prove the Space in Queſtion to be pertettly full:) For 
no leſs Fulneſs isrequiſite to the truth of his Hyzpotheſss : ) The 
Vacuiſts on the other fide need not go about to prove that 
thoſe Spaces are not full by their Hypotheſis. But they prove 
it by this, that it appears by ſenſible Phenomena, that the 
Quickſilver deſerts the upper part of the Tube; and that much 
Air is pump'd out of our Receiver, (The firſt of which S &- 
vident 
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vident to the Eye 3 and fo is the other too, when the Pump 
is kept under Water.) But it does not appear by the like Phe- 
zomena, that the. Air (as Mr. Hobbs would have it in is Ele- 
ments) does Succeed to fi{l, I ſay, perfefly to fill the deſerted 
ſpacez which alſo they will confirm from hence, that in the 
Torrecellian Experiment by inclining the Tube the relin- 
quiſh'd ſpace may be again readily fll'd with Mercary; and 
it our exhauſted Receiver be plungd under Water, that Li- 
quor, when acceſs is given it to the Cavity, violently ruſhes 
into it, and almoſt fills it up. 

From all which it ſeems probably deducible, That 'tis a 
very hard thing, by. Mr Hobbs's way of managing the Con- 
troverſie, to prove that there can be no Vacuum, But as for 

_ the Carteſiar's more ſubtile and plauſible way of aflerting a 

Plenum, 1t concerns me not hereto Diſpute againſt it, or De- 

clare for it: 

I will addthis, and but this, on the occaſion of Mr. Hobbs's 
Building a great part of his Philoſophy upon noſurer a ground, 
That we may hence learn how lutle Reaſon there is to blame 
me as he is pleas'd to do, for making elaborate Experiments ; 
and that-though(as I have elſewhere purpoſely and amply dif- 
coursd) obvious Experiments are by no meansto be deſpis'd 5 
yet tis not ſafe in all Caſes to content ones ſe}f with ſuch: Eſpe- 
cially. when there-1s Reaſon to ſuſpe& that the Phenomenor 
they exhibit may proceed from more Cauſes than one, and 
to expe that amore Artificial Trial may determine which 
of them is the true. * 

Thirdly, whereas Mr. Hobbs is pleas'd to find much fault 
with the Society, and me, for not aſſigning the Caſe of Springs 
in general; that Omiſſhon ſeeming to him very unworthy of 
Philoſophers : I anſwer, that the Society having hitherto, 
for weighty Reaſons, forborn to determine the particular 
Cauſes of Things, there was no Reaſon they ſhould alter their 
Method, for Experiments that were-not made or publiſhed 
by Them or by their Order Andas for me, the Title of my 
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Book promiſes ſome Experiments touching the Spring of the 
Air and its Effe&s, not Speculations of the Cauſes of Springs 
in general, My avow'd Intention was candidly to communi. 
cate with the Curious ſome Experiments which I thoughttheir 
Novelty would render acceptable to them, wherein I have 
the good luck not to have been miſtaken; nor can I be juſtly 
cenſur'd for not performing what Idid not undertake, nor was 
oblig'd to. And perhaps Mr. Hobbs would more prejudicethe 
Commonwealth of Learning by his ſeverity, than he has yet 
Advantag'd it by any other way, if he could obtain, that 
none ſhould publiſh an Experiment or Obſervation that can- 
not by deduQtion from the Firſt and Catholiek Principles of 
Philoſophy affign the true Cauſeof it. But when Ttake' upon 
me to write, as'Mr. Hobbs has done, Elenients'of Philoſophy, 
then perhaps I ſhall be able to give an Account of Springs, 
not much more unſatisfactory than others think” his. For 
though he referre us to his as 07am given of the Motion 
of Reſtitution/in his Book De Corporez yet in the 2.2 Chap- 
ter and'3o. Seion, which profeſſedly contains his Theory of 
it, after having premis'd, (what rightly interpreted may be 
true enough,) that the Cauſe of the Reſtitution proceeds not 
from the taking away the force by which they were com-. 
preſſed or extended the(removing of Impediments not baving the 
Efficacy of a Cauſe) that which follows to'the end of the Se- 
ion 1s onely this : The Cauſe therefore of their Reſtitution is 
ſome Motion either of the Parts of the Ambient, or of the Parts 
of the Body compreſs d or extended. But the Parts of the Am- 
bient have no endeavour which contributes to their Compreſſion 
or Extention, nor to the-ſelting them at Liberty or- Reſtitution. 
It remains therefore, that from the time of their Compreſſion or 
Extenſion, there be left ſome endeavour (or Motion ) by which 
the Impediment being remov'd, every Part reſumes its former 
place ; that is to ſay, the Whole reſtores it ſelf. Now this not- 
withſtanding, 1 atn ſo'dull, 'or ſo wary, that though I had 
met with this paſſage, and all the Praiſes the Author in his 
Dialogue 
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Dialogue gives it, yet.I-ſhould have made ſome ſcruple to 
undertake the afligning the true Cauſe of Springs in general. 
For firſt, the Learned. Gafſerdus, and the Epicureans both 
Ancient and Modern, together with divers other Naturaliſts, 
donot admit what Mr, Hobbi.ſuppoſesa tew lines before, thar 
That which is at reſt cannot be mbu d\but by a moved and con- 
tignows Movent. For they think Motion, or at leaſt coratvs 
ad motur, an unlooſeable Property, congenit to Matter. And, 
by the way, whatever exceptions I have to this Opinion, 
yet Iamnot ſatisfied with that Principle of. Mr. Hobbs, though 
it be the Fundamental one of his Philoſophy ; unleſs it be 
more warily proposd. For to aflert univerſally and without 
exception, as he does in his Elements, that nothing can bemo- 
ved but by a Body contiguous and moved ; I do not take to 
be true, nor conſiſtent with his other Aſſumptions. This I 
elſwhere (in a Diſcourſe againſt another than Mr. Hobbs,about 
the Chriſtian Religion) prove more at large: But now it will 
ſuffice to repreſent that Mr. Hobbs not onely admitting, but 
making uſe in his Philoſophy ofthe Creation of the World, 
either he muſt allow that Motion is Natural to ſome, if not 
all Parts of Matter; or that God put them intoa Motion not in- 
cludedin their Nature. From which it will neceſlarily follow, 
that at leaſt ſome Bodies may have Motion though it be not 
given them by any Body contiguous and moved, as an atten- 
tive conſiderer lteaſily diſcern. But to return to the Cauſe 
of Springs. Secondly, whereas Mr. Hobbs aſſumes that the 
Parts of the Ambient have no endeavour which contributes 
to their Compreſſion or Extention, norto the ſetting of them 
at Liberty or Reſtitution :. He ſays this indeed, But does not 
go about to prove it. And I ſhould the leſs have made 
* this precarious Afſertion, becauſe that after the celebrated 
. Des Cartes himſelf, the Carteſian Philoſophers generally af- 
cribed the Motion of Reſtitution to the paſlage of a ſubtile 
Ethereal Subſtance. (and an /Ether Mr. Hobbs alſo admits) 
through the Pores of the Springy Body, which ſtriving to 
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obtain its wonted Freedom of paſſage, reſtores them to the 
ſhape and bigneſs from which they were forced. Nay, I ſhall 


have occaſion to ſhew anon that Mr. Hobbs himſelf, whatever 


he ſay in this place, does elſewhere aſcribe a Motion of their 
own to multitudes of Terreſtrial Corpuſcles. And I might 
add, that elſewhere he ſpeaks of the re-kindling of the Fire 
taken out of the Receiver after this manner. 
uanquamwvis illims mots in Recipiente(ut loquimin; ) 
evacuato diminuta ſit, oppreſſa ab Aeris intus commoti conſiſten- 
tia, non tamen extinguitur; & propterealevata oppreſſrone, ſatis 
habebit virinm ad excitandum phantaſiam lucis quanquan debilj- 
orem. But I ſhall rather ſubjoyn, That yet, Thirdly, I do 
not. think it improbable what the Learned Gaferdws had 
taught, and what Mr. Hobbs here teaches, that the Reſtitu- 
tion of bent Springs may proceed from a certain Endeavour 
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or Motion in their internal Parts (left from the time of their 


Compreſſion or Extenſion) which when the Impediment is 
remov'd, makes every Part reſume its former place, and there- 
by makes the Whole reſtoreit ſelf. But this notwithſtanding, 
I feard others might be as Inquiſitive as my ſelf, and might 
exped from him that would undertake to fettle a general The- 
ory of the Motion of Reſtitution, the clear and diſtin Ex- 
plication of ſeveral Phenomena that T had met with, which 
are not touch'd, nor perhaps were, ſome,of them, thought 
upon, by Mr. Hobbs. As firſt, why ſucha WW: mminate Temper 
of Iron and Steel is requiſite to make it Elaſtical; fo that if 
after having been hardned and gradually heated it be fudden- 
ly cool'd at an inconvenient point of time, it will be brittle, 
and fit to make Gravers and other rigid Tools, not Springs. 
Next, why Bows and other Elaſtical Bodies, if they be kept 
too long bent, loſe in proceſs of time almoſt all their Elaftical 


a 


Power, and continue crooked. Thirdly why not onely divers 


ſolid Bodies as well as Lead and Gold, which before tryal, 
one would think as likely as many Springy ones to have their 


Parts put into a due Motion by the force that bends them, 
| ſhould 
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ſhould be devoid of an Elaſtical Power. Fourthly, what kind, 
of Motion, and what kind of Texture itis, by virtue where- 
of, the Parts of a Body being for a very ſhort time put into 
Motion, do ſome Months, perhaps ſome Years, retain in 
great part a ſmart Motion, without in ſo long atime commu. 
nicating it to the Ambient Bodies, to ſome or other of which 
multitudes of them are perpetually contiguous, and thereby 
loling it themſelves. Why upon ſuch a bare and inartificial 
change made in the Texture of a Body as is ſcarce at all diſ- 
cernable to the Eye, it ſhould acquire a ſtrong Spring that 
it had not before (as I have try d upon Silver and Copper, 
which though flexible before they were hammer'd, yet being 
beaten into thin Plates obtain'd a notable Spring:) And why 
(which may ſeem more ſtrange, upon another light change of 
Texture) the acquired Spring may preſently be loſt again ; as 
I have tryd in Silver, that Chymiſts teach us loſes nothing in 
the fire, which having by being hammer'd acquir'd a ſtrong 

Spring, we have preſently made flexible again as before, by 

only heating it red-hot, without ſo much as melting it 5 which 

argues that in Springs, Texture 1s as well to be conſidered as 

Motion. To theſe I might add other Particulars that I had 

either made or obſerv'd (and mention in another Treatiſe) 

concerning Springs all which Phenomena perhaps every one 
that has read what we have lately recited out of Mr. Hobbs, 
will not preſently be able ſatisfaQorily to explicate. So that 

I hope theequitable Reader will not think ita fault that (con- 

tenting my ſelf to propoſe the two Explications of Springs, 

FT ſaw moſt lik'd among the Curious; to which I ſhould have 

added Mr. Hobbs's, if Ihad found. it as much eſteemed) I de- 

clin'd engaging my ſelf in Controverſies aboutthe Origine of 

Motion, and ſuch other high Speculations, as had my Abilities 

_ enabled me, neither my Defign exacted, nor my leaſure per- 
mitted that T ſhould profecute. And though Mr. Hobbs be 

pleaſed to ſpeak thus of his Notion concerning the Reſtitution 


of Bodies3 Sire qua Hypotheſt quantuſcunque labor, ars, ſumptus, 
* ad 
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ad rerum naturalium inviſtbiles cauſes invenien- 
das adhibetur fruſtra erit 5 Yet whether that 
bold Aſfertion ſhould pafle for an Argument, for an Hyper- 
bole, or for a Complement to himſelf, 1 am-content to let 
the Reader judge. | 

Fourthly, Mr Hobbs in divers paſſages wherein he diſputes 
againſt me, ſeems to have miſapprehended my Notion ofthe 
Air. For whenl fay, that the Air has Gravity and an Elaſtica] 
Power, or that the Air is, in great part, pump. out of the 
Receiver, * tis plain enough that Itake the Air inthe obvious 
Acception of the word, for part of the Atmoſphere which we 
breath, and wherein we move. Nor do'I find that any other 
of my Readers do otherwiſe underſtand me. But Mr. Hobbs 
ſeems to think he has ſufficiently confuted me, if in ſome. caſes 
he have prov'd(which whether he havedone well or nois not 
here to be examin'd) that there is a ſubtile ſubſtance, which 
he calls Ether (but which I wiſh he had better explain'd) in 
ſome places which I take not to be fall'd with Air; and that 
the A-ther has or has not ſome Accidents which I deny-or af- 
cribe to the Air. Whereas Ideny not but that the Arzzzoſphere 
or fluid Body that ſurrounds the fterraqueows Globe, may, 
beſides the groſler and more ſolid Corpuſcles wherewith it a- 
bounds, confiſt of a thinner Matter, which for diſtin&ion ſake 
I alſo now and then call Ethereal. And therefore though 1 
did not think my ſelf obligd to declare againſt either the 
Atomical or the Carteſian Hypotheſss touching the Nature of 
the Air, yet I proposd the later too as probable (which as it 
excludes a Vacuum, ſo it makes the Air conſiſt in great part 
of a Celeſtial Matter.) And my incidental Explications of 
the RarefaQtionand Condenſation of the Air, together with 
my comparing it to a Fleece of Wooll,ſufficiently declare that 
I take 1t not to be a Homogeneous Body ;..and though there 
be Air intercepted betwixt the Hairs of Wooll, yet in caſe 
I ſhould prove that a Box were not ſo full of Wooll as before, 
becauſe the moſt part of the Hairs had been taken out, I ſhould 


not 
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not think he argued well againſt me, that ſhould onely prove 
that the Box contain'd as much of Matter, confiſting'of Air 
and Wooll together, afterwards as before. Nor do I think 
Mr. Hobbs has 1n divers paſſages, wherein he ſuppoſes he dil- 
putes againſt me, much more directly contradicted what Iteach 


concerning the Air, if that word be rightly and in my ſenſe 


> 


underſtood. - And on this occaſion I muſt crave leave to add, 
that whereas he is pleas'd to intimate that I miſrepreſent the 
Carteſian Hypotheſis, aſcribing that to the Air which Des Car- 
tes does to Water; If the Reader think it worth while to 
comparethe Summary Account I give of that Hypotheſis, with 
what Des Cartes himſelf has taught in his 45, 46, 847. Articles 
of the fourthPart of his Principles, wherein that Author com- 
priſes his Doctrine of the Nature of the Air,: he will quickly 
find, that whether or on Mr: Hobbs be miſtaken, Iam not 
unleſs it be in eſtimating his Hypotheſtss by what he teaches 
in his Principles, which were publiſhed after his Meteors, and 
more elaborately written. And as for that particular, which 
alone Mr. Hobbs alledges, namely, that he makes not the Parts 
of Air but of Watet fo flexible -' Des Carter's Words in the 
46. Article' are theſe; Cum ejus Particule fere omnes int 
flexiles inſtar mollium plumularum vel tenuium funiculorum, eXc.. 
And as for what Mr. Hobbs ſubjoyns, Sed quiſquis talis ſup- 
poſitionis Author fuit, parum refert. Nan ipſa Hypotheſis, ins 
qua mots ſupponitur materia ſubtilis ſine cauſa velociſſirens, &» 
pretereaCorpuſculoruminnumerabiles vertigines diverſe ab illius 
Materie\unico motu generate, vix ſani hominis eſt, I cannot 
but in Gratitude-to ſuch a Perſonage declare my diſlike, to 
find him upon ſoſlight an Occafion ſo courlly us'd tor an Opini- 
on the Cenſurer of it does no better confute, and Which is 
thought to be in ſome particulars not ſo unlike his own. And: 
perhaps I ſhould be afear'd that Mr. Hobbs's ſpeaking fo 
ſeverely of one that was at leaſt afamous Geometrician, might 
reflet upon the Engliſh Civility in the. opinion of' Strangers, 
if I did not hope that thoſe who have read FR ard's 
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Exercitation will look upon this cenſure of the Carteſian * 

Do&rineby Mr. Hobbs, as provoked by that ſevere Judgment 

of of Des Cartes mentioned by the Doctor in theſe 

Wardi Exer. words; Nempe hoc eſt quod alicubi admiratus e 

Fas Lon magnm Carteſins 3 muſquan enm, ſve vernm, ſive 

188, falſum poſuerit, rede aliquid ex ſuppoſutionibus, ra- 
tiocinando inferre. 


CHAP. IL. _ 
Wherein the Weight and Spring of the Air are aſſerted 
againſs Mr. Hobbs. 


Aving thus diſpatch'd thoſe general Conſiderations ] 
H thought expedient to premiſe, my propoſed Method 
leads me in the next place to conſider that Mr. Hobbs does 
not, 'that I remember, deny the truth of any of'the matters 
of fa I have deliverd. Nor does he, if my memory fail me 
not, labor to prove that the Explications I have given of my 
Experiments, are not agreeable to the Doctrine I propos'd: 
But rather thinks fit toreje&t our two grand Hypotheſes them- 
ſelves, The Weight, and the Spring of the Air. And there- 
fore it will ſuffice us in this Chapter briefly, but not ſlightly, 
to prove what he is unwilling to grant. 

And firſt, that the Air (in the ſenſe wherein. we take the 
word) is not devoid of Weight, we have prov'd by divers 
Experiments: which having more fully deliverd in the Book 
It ſelf, it may in this place ſuffice now to name them. 

One then of theſe Experiments that prove the Air's Gra- 
vity, is, that we found a blown Bladder carefully weighed in 
an exact pair of Scales, manifeſtly heavier when full of Air, 
than when the Air was let out, ” | 

Next it has been obſervd in our 36. Experiment, that an 
FEolipile, being well heated, and the little hole left at the 
top of the Pipe being (topt, when it was thus hotz upon the 
opening of that hole, when the /Ealipile: was grown cold 
again, the. external Air. ruſhing in. with a wiſtling noiſe - 

' the 
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the foremention'd Orifice, made the /Eolipile weigh ſo much 
more than it did juſt before theexternal Airgot in, that it a- 
mounted, by computation, to near a thouſandth part of the 
Weight of an equal bulk of Water. And though ſome 
difficulty may perhaps be mov'd touching the accurateneſs of 
the proportion this way found out, berwixt the gravities of 
thoſe Bodies; yet that the one as well as the other is actually 
heavy (which is all that we here need contend for) the 
Experiment ſufficiently manifeſts, 

Thirdly, in the Magdeburgick Experiment, (mention'd at 
the beginning of our Epiſtle) the ingenious makers of it found, 
that, having before weighed the great Receiver they wereto 
exhauſt, and having donethelike after theextraQti- ,, ,,,_ 
on of the Air, they found it to weigh one whole tebugicun a- 
Ounce and,3,3 quod ſane (faies the learned Publiſher, 244 $5hotwn, 
though a Peripatetick ) luculentiſſimum eſt argu- "© __ 
mentum gravitatzs aeris. 

Fourthly, in our 36. Experiment we relate our having 
weighed the Air, and that ſhut up in Bodies in our exhauſted 
Receiver, wherein of two Bodies of differing Natures ( the 
one a blown Bladder, and the other a Glaſs Bubble) that 
were #quiponderant each to a more ſolid Weight before the 
Air was pumpt out, that which included a good quantity of 
Air did manifeſtly preponderate after the exhauſtion. 

And to theſe four we might adde other proofs to theſame 
purpoſe; But that theſe contain in them ſuch a variety of 

| Caſes, that I think-it would be ſuperfluous. 
: Butnowletusſee what Mr. Hobbs objedts againſt the newly- 
mention'd Experiment of the Bladder weighedin theexhaufted 

Receiver, (for the others he quarrels not with, )Zz0d 
quidez lanx (faith heYin quaeſt veſica, magis deprimi- 
tur quanz altera, certi eſſe poſſunt, oculis teſtibus : nod autent 
zd 2 gravitate atris naturali accidit, certi eſſe non poſſunt 5 pre- 
ſertim ſs que ſit gravitatis cauſa —_ zeſciunt. But I know 
not whom Mr. Hobbs will perſwade, that a man on be 
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ſure that Lead is i: Specie heavier than Cork, unleſs he knows 
what .is the efficient cauſe of Gravity. And Mr. Hobbs ſpeaks 
in his 30. Chapter (where he expreſly treats of that Subje&) 
as if that had not been explain'd by any man, and conſequent. 
ty not by any Writer of Staticks: (and perhaps I am therein 
ſomewhat of his mind) And yet ſure all theſe Writers, treat- 
ing of the Proportion of Heavy Bodies, did not write they 
knew not what. And, though he mentions his own Hyp,. 
theſis, as that than which nothing is more likely 3 yet I think 
I could frame ObjeCtions againſt it, that would nat eafily be 
anſwer'd, if my preſent task requird it; or if I found his 
opinion, in this point, embrac'd, as yet, by men of Note, 
Wherefore ſhall now ſay no more of it than he himſelf doth 
namely, that according to his Dodrine, It zzay wel be thought to 
determine (for it is acertain conſequent) that heavy 
Elem. of Phil. Bodzes deſcend with leſs and leſs velocity, as they are 
Ch,3o, Set.g. 
more and moreremotefrom the Equator z and that at 
the Poles themſelves they will either not deſcend at all, or not 
deſcend by the Axis : which whether it be true or falſe, Experience 
uſt aetermine. Which till ithavedonein hisfavour(an event[ 
donotexped)I hope he will allow me to diſtruſt his Hypotheſes. 
But to return to our Experiment. The Account he gives 
pas is Why the Bladder does propend (for fo he loves to 
5: '* ſpeak) is this, 2uod veſtca ſive follibas ſive flatuoris 
diſtenta ſit, gravior fit quam eadem veſica non diſtenta, negare 
nolo , propter majorem quantitatem Atomorum follibus , vel 
Corpuſculorum fuligineorum ab halitu inflatorum. Ab experi- 
mento autem quod fit a veſica inflata nihil colligunt quod ſit 
| ſatis certum. Oportuit lancibas imponere duo vaſa pondere equa- 
lia, quorum alterum eſſet accurate clauſum, alterum apertum: 
Sic enim non inflatma ſed incluſus tantum atr ponderatus efſet. 
__ 7gitur atrem ſic ponderatum wvidebis, meditabimur 
poſtea quid dicendum fit de Phenomeno quod retuleris. 
But, as to the Firſt part of this paſlage, it does not deny the 


gravity of what we call the Air ; but onely endeavours 
| to 
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to ſhew what Parts they are that make it heavy. And as to 
the Second, he ſeems to miſtake the preſent Caſe. For, there 
is noneed that the Airin the Bladder be, before the exhauſti- 
on of the Receiver, (in which the foregoing (fifteenth) Page 
| declares he Suppoſes the Experiment to be made) heavier than 
the outward Air. Wherefore when he ſubjoyns that from this 
Experiment we colle& nothing quod ſit ſatis certum, the At- 
firmation 15not an Inference,” but Precarious. And as for the 
annexed way whereby he would wiſh to have an Experiment 
made fitto infer the gravity of the Air, it he had not. over- 
look'd what I have delivered in the beginning of the 36. Ex- 
periment, he would eafily have perceiv'd that we did make 
a Trial much of the ſame nature with that he deſires. .For we 
weighed in our Receiver the Air, in a Glaſs Hermetically 
ſealed 3 wherein it was not (to uſe his Expreſſion) 7-flzted, 
but onely included. This is what he here objects againſt the 
gravity of the Airin the other place (Pag. 8.89.) where he 
fates ſomething to this Controverfiez he inculcates alſo that 
we ſhould firſt explicate what is Gravity, andthen adds, 20d 
Atmoſphere inſunt permiſte corpori FEthereo multe b 
tum aque tumetian terre particule, facile perſuadeor "0: 
ſed quod in medio FEthere, ſurſum, deorſum, quaquaverſum 
mote, nec ſemper altere alteris innitentes gravitent, #nconcep<- 
tibile eſt, To which he adds twoor three Reflexions, whoſe 
Examen being here unneceſſary, would require more time than 
perhaps it would (in reference to the preſent Controverſie) 
deſerve: for we are now enquiring not how the Air comes 
to gravitate, but whether or no1t have gravity. And | | 
ſincein his Blements of Philoſophy he grants; and gives $'4P = 
his Reaſon for it, That if Air be blown into a hollow 
Cylinder, or into a Bladder, it will increaſe the Weight of either 
of them a little : and fince here-he likewiſe. confeſſes (as we 
have juſt now ſeen). that there are mingled with the /Ether 
many aqueous andearthly(and conſequently heavy) Particles: 
he confefles that which we labor to evince;z namely, that the 
d 2 Air 
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Airis not devoid of Weight. Andit concerns us no more than 
himſelf, to ſhew how the Corpuſcles, upon whoſe account 
the Air is heavy, make it ſo. Andthis being what Mr. Hobbs 
in ſeveral places thinks fit to obje& againſt the Gravity of the 
Air; the Reader will, I ſuppoſe, eafily take notice that he 
has left the Experiment of the /Eo/zpile, and fome Others, 
unanſwered. Though theſe alone prove that the Airis a mani- 
feſt Weight even when it is not compreſt, but retains its 
laxity. Having ſaid thus much to evince againſt Mr. Hobbs the 
Gravity of the Air, let us now examine whether it have not 
alſo a Spring (in the ſenſe we take that 
Utraque enim a phan- word in.) T his though Mr. Hobbs be pleasd 
On wie to call (as he alſodoes the weight of the Air) 
ftica ſrve antimie at= 2 Dream; yet be does bimſeltgrant, in effec, 
4 » ſomniumerat. Dale 4% much as is requiſite to prove the Spring 
hos of the Air, in the ſenſe I contend for it. For 
taking upon him to give account ( how good an one we 
ſhall ſee anon) of that known Experiment wherein the Air is 
compreſt in a Glaſs Bottle by the forcible injeQion of Water, 
which Water, when the Glas isunſtop't, the Air does again 
throw out in recovering its former Dimenſions; of this Ex- 
periment ( I ſay ) he gives this account ( Pag, 24.) Azr qu 
ab initio Sphere plenms erat a Corpuſculis illis terreis motus moiu 
circulari ſimplice, vi injeFionis coaFia, qui quidem purns eſt 
exit ( aquarm injeFam penetrans ) in atrem extrinſecum, locum 
relinquens aque; ſequitur ergo Corpuſeulis illis terreis minus 
relinqui loci in quo motun ſuunm naturalen exercere poſſant © ita- 
que in ſe mutuo inpingentes aquar urgent ad egreſſums egredi- 
enters atr externus ( quia univerſum ſupponitur eſſe plenum ) 
penetrat, locumque egredientis atris ſucceſſive occupat, donec 
Corpuſcula, quantitate atris eadem reſtituta, libertatem motui ſuo 
xaturalem recipiant. . © | 
But how little this comes ſhort of granting as much Spring 
to the Air as the Carteftars do, and as need require, may 
eafily be judg'd by divers paſſages in. our Book 3 and =_ 
| cularly 
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cularly by our propoſing as not improbable, the Carteſian way 
of explicating the Spring of the Air.z according to which the 
Corpuſcles that ſwim in the Ether, being each hindred by the 
neighbouring ones from the freedom of its motion, they beat 
off one another (which Mr. Hobbs would have them do: ) 
whence it comes to paſs that, in any aſlign'd portion of Air 
here below, the Corpulcles that compoſe that portion, beaten 
off by one another, do make the whole portion tend to ob- 
tain (though not exactly to fill up) more room, and conſe- 
quently to emulate a Spring, like that which we ſcruple not 
to aſcribe to a compreſt Fleece of Wool], becauſe of a like 
endeavour to expand it ſelf. 

We may enforce this by another paſlageof Mr. Hobbs's, that 
ſpeaks expreſly enoughto our preſent purpoſe, where he gives 
this Reaſon of one of the Phenomena of our Engine, 
Puoniam per ſuctoris retraFionem atr purus impulſus 
erat, partes autem terree impulſe non erant; major erat ratio 
particularum terrearum que extra Cylindrum ſufori contigne 
Wanl, aid -ofvERs JOFERD, 20 00 IRE T he Morions therefore of thoſe 


ſun exercebant , poſt reoulſionem ſmall Bodies ( ſpeaking of the 


quam ante: quare particule ille mote —_ m—_— " the _ will 
R . | cls and leſs free . how 
minus habentes loci ad motum ſunm © 4 Cs of A ln 


naturalerms exercendum, alie aliis it- Red water is greater and grea- 


R ; | rer; ſo that by their Motion fal- 
pingebant, & prop ellebant 2 neceſſe ling upon one another, the ſame 


ergo erat, ut particule que ſuoris poies will murually compreſs 


ſuper fitiei contigne erant ſuGorem _ _—_ _ ons 
h al endeavour of regaining their 
propeberent. To which we may liberty, and of Set the 


adde, that Mr. Hobbs himfelf ſeems Water that hinders chem, Elem. 
rather to reje&t other mens wayes of ©*?- 30. Se#. 9. 
propoſing the Spring of the Air, than reſolutely to deny the 
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thing it ſel For, V7difti (fayes he) jam Elaſtrum illud atris 


uod ſupponunt, ant impoſſubile efſe, aut recurren- | 
Goon efſe ad Hypotheſin Hobbianans. aa: 

- But befides Mr. Hobbs's Conceflions in the paſlages newly 
recited; and ſome others; we canprove the Spring of the Air 
_ d 3 by 
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by many of the Phe»omena of our Engine, which we have 
deduc'dfrom it, and of which he doesnot offer any other way 
of Explication. Wherefore we ſhall now content our ſelves 
to prove the Spring of the Air by two Experiments: The one 
not mention'd in our Epiſtle, and the other much oppos'd by 
Mr. Hobbs. | | 
And firſt, if you make the TorreceSian Experiment in a 
Tube of between two foot and half andthree foot in length, 
and if, when the Mercury reſts at its wonted Station, you 
dexterouſly ſtop the Orifice of the Tube with your Finger 
(that Orifice being lifted up as near the ſurface of the reſtag- 
nant Mercury as it can be, without giving admiſſion to the 
external Air) and if then you quite lift up the Tube thus 
ſtopt into the free Air you ſhall feel upon your Finger 
little or no gravitation or preſſure from the Welght of the 
Mercurial Cylinder, diſtin& from the Weight of the Tube : 
I our pe. becauſe (as we have more fully explicated this Phe- 
fence againſt #012en0n elſewhere) the gravity of the Quickſilver 
Linus, is balanc'd by that of the outward Air that thruſtsthe 
Finger againſt it. But if you invert the Tube, and having let 
in the Air at the Orifice, ſtop it again with your Finger, and 
again let the Mercarial Cylinder lean upon that Finger; you 
ſhall then find your Finger ſtrongly preſt, andendeavourd to 
be thruſt away: which new preſſure, fince it cannot come 
from the Mercury, that being the very ſame that was in the 
Tube before, nor fromthe Weight of the admitted Air, which 
perhaps may not amount to ſo much as a grain, to what can 
we rationally aſcribe it but to the Spring of theincluded Air, 
whole force will be as well manifeſt to the Eye as the Finger, 
if the Tube be unſtopt under the ſurface of the reſtagnant 
Mercury; for then that in the Glaſs will not reſt as before at 
the uſual Station, but be depreſt beneath it a good way, 
perhaps ſome Inches? And if you make the Torrece/ian Ex- 
periment in a ſhort Tube ſeal'd at neither end, but ſtopt a- 
bove and below with your Fingers, you ſhall find, uponthe 
unſtop- 
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unſtopping of the upper Orifice a new and forcible preſſure 
upon the Finger that keeps the lower Orifice ſtopt, made by 
the gravitation of the external Air, which was before kept 
off from leaning upon the Mercurial Cylinder by the upper 

Finger ; the Pulp of which Finger by that gravitating Air 
was before thruſt into the deſerted Cavity of the Tube (as 
we have elſewhere diſcourſt, in a fuller meaſure, of theſe Ex- 
periments.) Which will evince againſt Mr. Hobbs, both the 
Spring of the Air and Gravity of the Atmoſphere; ſince he is 
as little as I for aſcribing theſe Phenomena to the efficacy or 

abſence of my other Antagoniſt's imaginary Funiculus. 

The other Experiment I ſhall mention is the Fourthin our 
Epiſtle; namely, that of the ſwelling and ſhrinking of a Blad- 
der hung in our Receiver, according as the ambient Air, and 
conſequently its preſſure, is withdrawn or ſufferd to return. 
But though this Experiment be ſo congruous to our Hypo- 
theſis, that 'tis generally acquieſc'd in by thoſe Ingenious men 
that have hitherto ſeen itz yet Mr. Hobbs 1s pleas'd to reje& 
our Explication, and ſubſtitute another intheſe Words, which 
are all he has concerning this matter. 2#ia Cuticula 
ommis ex filiculis conſtat, que propter figuras, contafo ** 5 
umn per omnia puntta accuratum habere non poſſurt, pervia ergo 
eſt veſica, cum ſit cuticula, nec atri tantum, ſed etiam aque, 
qualis eſt ſudor. Eadem ergo atris per vim inculſz eſt compreſſio 
intra veſicam que extra, cujus conatma, propter viam motuun 
undiquaq; decuſſatam, tendit undiquaque ad ſuperficiem veſice 
concavam, Quare neceſſarinm eſt ut undiquaq; intumeſcat, & 
creſcente conatis vehementid tandem laceretur. But, if this be 
a ſufficient Anſwer to ſuch an Experiment, I confeſs I fear it 
will be harder than we are yet aware of to prove any thing 
by Experiments. ; | 

For firſt, how unlike is it to be true what he affirms, and 
what his Reply ſuppoſes, namely, that ſuch Bladders as we 
us'd are readily pervious to the Air; when eafte Experience 
ſhewes us, that by Jeaſurely compreſling ſuch blown _— 

etw1ixt 
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betwixt our hands, we ſhall rather break them (as we have 
try'd) than {queeze out the Air at the Pores ? So that the reſt 
of his Anſwer being built upon what 1s fo repugnant to com- 
mon Experience, will not need a particular Confutation: but 
however ex abundanti we will adde, that in our 36. Experi- 
ment, we relate that by the exhauſtion of the Air we likewiſe 
broke a Glaſs Hermetically feal'd; and to fay that Glaſs alſo 
Is pervious to Air, were to affirm what the greateſt part of 
his Book ſuppoſes to be falſe. Beſides, whereas there is not 
ary ſenſible and unqueſtionable Phenomenon to prove that 
the Receiver is full of any ſuch atr per vim 7ncuſſas as he 
would have, we ſee plainly that when the Air does manifeſt- 
ly get into the Receiver, the Bladder is not thereby madeto 
ſwell, but ſtrangely to ſhrink. Moreover fince (according 
to Mr. Hobbs) the Bladder iis pervious to the Air, and the Ajr 
within the Receiver is univerſally compreſt, as well that 
which is within the Bladder as that which is without it 3 how 
comes it to paſs, that the Air that bears againſt the Convex 
Surface of the Bladder does not reſiſt that which is contiguous 
to the Concave Superficies of the ſame; And at leaſt how 
comes the Bladder to be broken by the Air, which, accord- 
ing to Mr. Hobbs, can get inand out at pleaſure? And laſtly, 
to ſhew that to the ſwelling of the Bladder there needs noth- 
ing but the Spring of the included Air, and not ſuch vehem- 
ent agitation of the ambient Air as Mr. Hobbs ſuppoſes to be 
made in our Engine; It appears by the elſewhere-mention'd 
Experiment of Morſterr Paſchal, that inthe free and ordinary 
Air a Foot-ball halt blown up will ſwell more and more the 
nearer it is carried to the top of an high Mountain; where 
the incumbent Cyli:der of the Atmoſphere is ſhorter, and 
its Weight lighter : and will, for the contrary Reaſon, grow 
more and more flag'd, the nearer it approaches again to the 
foot of the Mountain. | Fre 
Though I doubt not but the Arguments employ'd in this 
Chapter will be ſufficient to convince impartial Readers; ou 
| I ſhall 
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T ſhall adde by way of Inforcement, that whereas Mr. Hobbs 
aſcribes the Weight of the Air in Bladders to the earthy Cor- 
- puſcles intruded by him that blows themup; and attributes 
the Spring of the Air in the Wind-gun and in the Phenomena 
of our Engine, tothe violent Motion the Air isput into by the 
vehement impulſes of the Rammer or Sucker: our Doqrine 
may be evinc'd by Experiment, wherein the Air inits natural 
and wonted ſtate operates without being forcibly compreſt or 
put into motion by us. This may appear by the two ſorts of 
Experiments to be made upon high Mountains, which we 
have mention'd and urg'd in the Secord Part of our Defence 
againſt the Learned Linus. Wherefore referring the Reader 
thither, we ſhall now onely in very few words mention the 
ſubſtance of them. 

The Firſt Experimentis, That it has been found upon Tryal, 
both formerly in Fraxceand ſince in Ergland, that the Quick- 
ſilver in the Torrice/iar Experiment falls notably lower at 
the top of a Mountain than at the foot, (by Monſieur Paſ- 
chal 's obſervation upon a Hill(far higher than thoſe the Exper1- 
ment was try'd on here)thedifference was ſogreat,as toamount, 
as.the moſt ingenious Pecqzet, a happy promoter of Experi- 
mental Learning, informs us, to above three Inches) which we 
fay is cauſed by this, that the Atmoſpherical Cylinder is much 
lighter, as well as ſhorter, at the top of the Mountain than 
at the bottom: and Mr Hobbs diſfallows not the Experiment, 
but yet gives onely this account of it,Sede*-particule 
ille que interſperſe atri ita moventur ut ſuppoſuinus, 
magys conferte ſunt ad radicem montis quam inſunmo, nam hoc 
quog;, ſuppoſaimus. But whatthen? how does the plenty of 
_ theſe interſpers'd Particles hinder the Mercxrial Cylinder from 

deſcending at the bottom of the Hill as much as at the top, un- 
leſs by their gravity or preſſuze? And 'tis very unlikely that 
the Earthy Atomes, contiguous to the reſtagnant Mercury at 
the bottom of the Hill, ſhould be able by their weight to 
keep ſuſpended a Cylinder of MHercxry of above three _— 
E '  unlelis 
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unleſs the contiguous Air were [rr ———_—_ upon by the 
weight of other incumbent parts of the Atmoſphere. 

The other of the two mentioned Experiments is briefly 
this, Thata Termoſcope being carried from the bottomto the 
top of a Hill, the included Air, inſtead of ſhrinking in that 
colder Region, manifeſtly dilated it ſelf, and notably de. 
preſs'd the water. An etfeCt which I ſee not to what it can 
well be attributed butto the ſpring of the included Air, which 
having not near ſo great a preſſure againſt it from the Atmo- 
ſphere incumbent on the reſtagnant and ſuſpended water, was 
able to make it ſelf more room than before it could ; and 
ſince that preſſure of the Atmoſphere depends for ought ap- 
pears upon itsgravity, the ſame Experiment may argue both 
the ſpring of the Air and its weight. | 

And this may ſuffice for our third Chapter, wherein hay- 
ing evinc'd againſt Mr. Hobbs our grand Hypotheſis of the 
weight and Spring of the Air, I hope we have diſpatched the 
chief part of our work 3 ſince as for the particular Explicati- 
ons wededuce fromtheſe Hypotheſes, there are but very few, if 
any, that he endeavours to prove incongruous to them. Yet 
after we ſhall have (in the following Chapter) conſider'd 
upon what grounds he prefers his Doctrine before ours, we 
ſhall (God permitting) intwo or three other Chapters gather 
up the things that he objeds againſt ſome particular Opinions 
and Explications by us delivered, and examine them. 


CHAP.1IV. 
Wherein Mr. Hobbs's principal Explications of the Phano- 
mena of the Authors Engine are Examined. 


F the Hypotheſes that Mr. Hobbs aſſumes to explicate the 
() Phenomena of our Engine, himſelf gives usa ſummary in 
this paſlage, ( pag. Lo.) intel/extzergo Hypotheſes meas, 1, Yuod 
atri interſperſe ſunt particule multeterree predite motu circulari 

ſpmplice,nature congenito. 2. nod major eſt quantitas earum par- 
ticularum in atre prope adterram quam in atre 4 terra remotiore. 


Now 
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Now here I might at the beginning take notice, that there 
are other things which he takes for granted. As, firſt, Noz 
dari Vacuum, which as we have already ſeen he has not well 
evinced, nor I thinkeafily will upon the grounds he proceeds 
on. Next, that our common Air is chiefly compoſed of an 
Fthereal ſubſtance, which methinks he ſhould have proved ; 
fince for the moſt part the Vacuiſts (and ſuch he will needs 
have his Adverſaries to be) admit not that pure Air of his. 
Thirdly, that the Air, at leaſt the pure Air, is eaſily diviſible 
into parts always fluid and always Air. Indeed he fayes of 
this Aſſumption, * Nec ſuppono tantinm, ſed credoz, , , 
but neither to /#ppoſe nor to believe, is to prove. MP 
And what he adds, + Neg ef# qui haFenu ullam ad- p to, 
duxit rationem, quare itaeſſe non poteſt ; if it were true, would 
conclude little, hace many things have not been, and perhaps 
cannot be, proved to be true; of whoſe not being poſſible 
no proof has been given. We might, I ſay, mention and 
examine theſe other Aſſumptions of our Author, but for bre- 
vities ſake wewill conſider thoſe two lately recited from him. 
Andas for the ſecond of them, bateing the peculiar motion 
he is pleas'd to aſcribe to the earthy Particles, I ſhall not con- 
tend with him about that Hypotheſis 3 and therefore ſhall now 
onely conſider the other. The Motws circularis ſimplex it 
ſelf; which he imagines in the Sun and the terreſtrial Globe, 
I ſhall not need to examine, fince Dr. ard (a perſon whom, 
wthout diſparagement to a famous man, I may affirm to be 
ati leaſt as eſteemed for Aſtronomy as Mr. Hobbs) has expreſly 
endeavoured to confute it,and that not without ſome derifion, 
(which yet I willingly forbearto imitate) by Argumentsthat 
I cannot learn Mr. Hobbs has yet anſwered. And I am in- 
formed that the learned Dr. Wa//zs, and others intend, ſome 
Animadverſions on this Motion. But reſtrainingour preſent 
conſideration to what this Dialogue ſuggeſts ro me, This 
Aſſumption to me ſeems very precarious, fince I know not 
any unqueſtionable Example or Experiment whereby it = 
| e 2 E 
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be made ont, that any ſinall parcel of matter has ſuch a »wotwe 
circularis ſimplex as he aſcribes to each of thefe innumerable 
earthy and (as himſelf adds in the ſame page) aqueous Par. 
ticles. The onely Argument he brings 1n that page to 
prove that each Atome would have this motion, 1t all the 
reſt of the earth were annihilated, does not to me ſeem clear. 
For, not to mention that it is ſtill by many learned men doub. 
ted whether the Terreſtrial Globe it ſelf have it; nor to ex- 
amine whether or no he aſſigns a good Natural caule of it ; 
it is not always true, that each minute part of a Homogene- 
ous body (which yet 'twill be hard to prove the Terreſtrial 
Globe to be) has in every reſped the ſame qualities with 
the whole; As the roundneſs which a ſmall drop of Water 
or Quickſilver is commonly obſerved to. have when it leans 
upon a dry or greafie plain, is not to. be met with in great 
portions of either of thoſe Liquors, though placed upon the 
ſame plain. And Mr. Hobbs as well as we makes the terrene 
Atoms in the Air to have gravity, which yet 1s a quality that 
does not properly belong to the whole Globe of the Earth ; 
nor is it manifeſt why, becauſe the Terreſtrial Globe movesin 
a vaſt Circle about the Sun, each particular Atom of it muſt 
defcribe a ſmall Circlein the Air about I know not what Cen- 
tre. And fince he teaches in his ſecond Hypotheſis, and a few 
lines before it, That the Air, near the Earth abounds with 
ſuch Terrene Corpulcles, 'tis not likely they ſhould be per- 
mitted to exerciſe ſuch a regular motion as he attributes to 
them 5 but hitting againſt one another, they muſt in pro- 
bability be put into almoſt-as various and confuſed a motion 
as Des Cartes a(cribes to his Terreſtrial Particles ſwimming in 
the Atmoſphere, That which ſome will, I doubt not, pe- 
culiarly wonder at in Mr. Hobbs's Hypotheſes is, that he makes 
this regular motion of each Atom nature ſue congenitm : 
For Philoſophers that are known to wiſh very well to Reli- 
gion, and to have done it good ſervice, have been very ſhie 
of having recourſe, as he has, to Creation, for the explain- 
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ing of particular Phenomena. And the Carteſfans will think 
. ttatleaſt asallowable for them toſuppoſe the Motion he will 
. not grant in their Materia ſubtilis, as for Mr. Hobbs to ailume 
i in his Particule terree : eſpecially ſince he ſeems to make 
each ſuch Atom put into and kept 1n a regular motion; 
whereas they aflume but the having of one general impulſe 
given to the whole maſs of Matter. Thoſe likewiſe that 
fancie a Spring properly ſo called in particular Aerial Cor- 
puſcles, will hence perhaps take occaſion to think they may 
ſappoſe an ingenite motion fit for their turn, as well as he 
an ingenite 0tas circularis ſimplex. How well likewiſe this 
Hypotheſis will agree with his Fundamental Doctrine, That 
Nihil movetur niſt 2 corpore contiguo &* moto, I leave to him 
to conſider. As alſo whether or no Gafendws, and thoſe 
other Atomiſts that admit Creation, may not hence counte- 
nance their grand ſuppoſition of the congenite motion of A- 
toms, which granted would deſtroy the beſt part of Mr. 
Hobbs's Philoſophy. But whatever becomes of this »wotws 
circularis ſimplex, I need not be much fſolicitous, having 
formerly ſhewn, that the admiſſion of it would not diſprove 
what I have delivered concerning the Spring of the Air: and 
therefore leaving Mr. Hobbs to diſpute it out, if he think fit, 
with his other Adverſaries, I will proceed to the main Ex- 
plications, wherein Mr. Hobbs endeavours to prefer his 
Dorine about the Phenomena of our Engine before ours. 
And theſe I find to be the four that enſue. 
The firſt and principal of theſe is that wherein he ſtrives 
to prove, That by the Exhauſtion of our Cylinder no Vacuums 
1s produced, and to give of the Experiment it ſelf a very dif- 
fering account from ours. This he does in the following 
paſſage; which, by reaſon of its importance in our preſent 
Controverſie, we ſhall ſet down verbatim: Dune SuFor 
(layes he) retrahitur, quanto reliFus locus major 
ft, tanto minus lots relinquitur atri externo, qui re- 
truſia 2 Sulfore moto verſus externa, proximum ſibi atrem ſi- 
| e 3 militer 
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militer movet, &* hic alium, &* ſic continue, ita ut neceſſe ſit 
atrem tandem compelli in locum deſertum a SuGore, & intrare 
inter ſuperficiem SuGoris convexam & Cylindri concavan : 
ſuppoſito enim atris partes eſſe infinite ſubtiles, impoſſibile eſt 
ut via ill4 qua retrahitur Suffor, ille non ſe inſinnent. Prim 
enim, contaFus ſuperficiernm fr per omnia punFa perfec. 
tus efſe non poteſt, quia ipſe ſuperficies fieri infinite leves non 
poſſunt. Deinde wis illa que ad SuForem revellendum adhibe- 
tur, cavitatem Cylindri aliquantulum diftendit. Poſtremo, 
in confinio duarum diffarum ſuperficierum ingrediatur una tan- 
turn atomus dura, atr puris et vid ingreditur conatu quan- 
tumvis debili. .Poteram etiam computaſſe atrem illum qui prop- 
ter eandem cauſam inſinuaſſet ſe per Cylindri valuulam. Subla- 
tam ergo vides conſequentiam 4 retraFione SuGoris ad locum 
vacuum, Sequuturum hoc quoqz eſt, atremillum qui eſs in locun 
2 Sufore deſertum impulſus, quia magni vi impulſus eſt, moty 
walde celeri & per circuitum inter ſunmun & inmm in Cylin- 
dro moveriz cum nondun ſit quod motum ejus poſſit debilitare : 
Scis autem nihil eſſe quod ſibi motum aut impertiri poſſit aut di- 
minuere, But this Ratiocination containeth divers things ly- 
able to exceptions; andin order to the examining of it Imuſt 
premiſe, That I know not why Mr. Hobbs ſhould here con- 
fine his diſcourſe to the Pump without taking notice of the 
Glaſs, for whoſe evacuation 'twas deſigned. Wherefore for 
ealter conſiderations ſake we will conſider, how this diſ- 
courſe will account for the Exhauſtion of the Receiver, as 
well as for the Cylinder; for we uſually empty them both in 
the ſame tryals. And he being obliged to explicate the Ex- 
hauſtion of the one as well as the other, it will be conveni- 
ent to take into conſideration the Receiver alſo, becauſe 
that being of Glaſs and tranſparent, we can better ſee what 
happens init than in the opacous Cylinder. This premiſed, 
we may now proceed to the Exceptions themſelves. And, 
firſt, I do not clearly ſee by this Explication how he avoids 
a Vacuum: For, according to his firſt words, the _— 
p it 
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Air is difplac'd by the motion of the Sucker outward; and 


this difplacd Air muſt move that which is next to it, and 
that the next, and ſo onward, (whether 77 i»firztum or no 
he declares not) ſo that at length ({fa»dem) the Air muſt be 
compelld into the place deſerted by the Sucker: ſo that till 
- this returning Air getin betwixt the Sucker and the Cylinder, 
how appears it from this Diſcourſe, that the deſerted ſpace 
was not empty for ſome little while ? For, certainly, all theſe 
motions of the Air forward and backward could not be per- 
form'd in an inſtant 3 as may appear by the motion of Sounds 
and Echo's, whoſe Velocity is reducible to meaſure. Second- 
ly, though he takes his Adverſaries to be Vacuilts, yet ( to 
give an account of theſe Phenomena) he ſuppoſes the Pleni- 
tudeof the World; as may appear both by expreſs paſlagesin 
his Dialogue, and by his here rendring no other probable 
cauſe of the Airs getting into the room relinquiſh'd by the 
Sucker. But, becauſe I have not here taken upon me the 
perſon of a Vacuiſt, I ſhall offer ſome other Conſiderations. 
I wiſh then, thirdly, that Mr. Hobbs had declared from whence 
the regreſs of the Airs impulſion ſhould begin ; for that may 
well be required from one that, making the World full, and 
for ought appears (the Celeſtial Globes excepted) fluid, al- 
| lows us to believe it infinite, if the Magiſtrate ſhall pleaſe to 
enjoyn us that belief. Fourthly, I demand what neceflity 
there is there ſhould be ſuch a forcible return of the impulſe, 


as is requiſite to thruſt in the Air at ſo narrow a paſſage as 


that between the Sucker and Cylinder. For, why may not 
that impulſe when diffuſed in the vaſt ambient Medium, be 
ſo communicated and blended among the differing motions 
of the other parts of it, as not toreturn again from whence it 
begun 2 As we ſee that a Voice, though ſtrong, will not 
move the Air beyond a certain diſtance ſmartly enoughto be 
reflected in an Echo to the Speaker : and a ſtone caſt into a 
Lake will have the Waves it makes diverted from returning 
to the place they began at. Fifthly, I do not likewiſe _ 

that 
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that *tis prov'd, or probable, what Mr. Hobbs aftirms of fo 
thick a Cylinder as ours, that it ſhould be diſtended by the 
deprefling of the Sucker. But this I infiſt not on; for the 
main thing that is peculiar in Mr. Hobbs's Explicationis, That 
as much Air as is driven away by the Sucker, gets preſently 
in again betwixt it and the Cylinder: wherefore let us ex. 
amine that a little. I fay then, that by the Air which is ſo 
ſuppoſed to get in, he either means, in the uſual ſenſe and 
in ours, the Common Air, ſuch as we live and breathe in ; 
or he does not. 

If he do ſpeak of ſuch Air, I can plainly prove by ſeveral 
Experiments, that our Engine is in great part devoid of it. 

For, firſt, if there be a contrivance made, whereby the 
whole Pump may be covered with Water, one may, as we 
have tryed, plainly ſee the Air that is drawn out of the Re- 
ceiver, at each reciprocation of the Sucker, pals in great bub- 
bles out of the Valve through the water. | 
Next, it appears by the Magdeburg Experiment formerly 
mentioned, that by reaſonof the receſs of the Air, the Globe 
of Glaſs, whence 1t went out, was diminiſhd in weight a- 
bove an Ounce. Thirdly the ſame truth may be proved by 
the Experiments formerly mentioned of the ſivelling of a 
Bladder, and the breaking ofan Hermetically-ſeal'd Glafs upon 
the receſsof the ambient Air : theſe Experiments having been 
already vindicated from Mr. Hobbs's very improbable Expli- 
catlons of them. Fourthly, the ſame may be prov'd by the 
breaking of weak or ill-figur'd Receivers inwards; of which 
in our Hypotheſis the reaſon is clear, but not in Mr Hobbs's. 
But, fifthly, (not to multiply Inſtances, though that were 
eaſie for me) what I contend for may be ſufficiently prov- 
ed by this one Phenomenon, That though, if the Receiver 


[i being full of common Air the Key be turned under water, 


the water will not at all be ſpurted up at the open Orifice : 
yet thelike being done after the Exhauſtion of the Receiver, 


we have had divers Gallons of water violently impelld _ | 
the 
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the cavity of the Glaſs; which could not happen if it were 
full of Air, both in regard there can be no probable cauſe 
alligned why the water ſhould be thus ſpurted up; 'and be- 
cauſe the Receiver being already full of Air, either two bo- 
dies muſt be contained in one place, and fo we muſt allow 
Penetration of Dimenſions; or elſe common Air, to which 
. Glaſs 1s impervious, muſt paſs through the water, which we 
conclude it does not, becauſe no ſuch bubbles are made in 
the external water as would appear if common Air paſt 
through it: Nay, ſo little of this common Air was ſometimes 
left in the Globe usd at Magdeburg, that when the water 
was ſuffered to ruſh in, it reduced the Air into leſfs by the 


beholders eſtimate than the thouſandth part of the capacity, 


_ of the Globe: And even if our Receiver be unſtopt, not 
under water, but in the open Air, the ambient Air will vio- 
lently preſs in with a noiſe great and laſting enough toargue 
that the Glaſs was far from being full of ſuch Air before. . 
And thus we may-argue againſt Mr. Hobbs,if he would haye 
the Engine, when we call jt exhauſted,  filld with common 
Air,' as his words in the recited paſſage (where he talks of 
the external Air, and that impell'd intothe Cylinder, with- 
out differencing them) ſeem to intimate. . But becauſe by 
ſome other paſſages of this Dialogue he may be favourably 
thought to mean; that the pure Air (as he ſpeaks) is that which 
gets in by the fides of the Sucker into the Pump, and ſo into 
the Receiver z let us conſider his Explication in this ſenſe 
alſo. | And not to urge, that it had not been amiſs-if, to a- 
void ambiguity, he -had more clearly, expreſt himſelf, and 
named that Other here, as well as he elſewhere calls it ſo”: 
not to urge this, I ſay, I defire it may be taken notice of 
that if Mr. Hobbs take the Air in this Second Notion, he op- 
poſes not what I have delivered; the Air I pretend to be 
pumpt out of the Receiver being the common:Air, which 
confiſts in great part of groſſer Corpuſcles than the Mthereal 
ſabſtance 3 and therefore I might ſafely paſs on to another 
f ſubjec. 
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- ſabje&. But T conſiderfurther,that even thisexplication of Mr, 
Hobbs's will be lyable to the two firſt Inconveniences lately 
objeRed againſt the other in favour of the Vacuiſts ; and to 
divers of thoſethings beſides,that are objeed in the following 
parts of that Diſcourſe. Next I obſerve again, that though the 
Pump be all the while kept under water, yet the Exhauſtion 
of the Cylinder and Receiver will be made as well as In the 
open Air : I demand then of Mr. Hobbs, how the pure Air 
gets in by the fides of the Sucker that 1s immers'd in water ? 
I preſume that for want of a more plauſible Anſwer he will here 
fay, (as he elſewhere does in an almoſt parallel cafe) That the 
Air paſſes through the body of the water to fill up that de- 
ſerted ſpace, that muſt otherwiſe be void : But then I appeal 
to any rational man, whether I am obliged to believe ſo un- 
likely a thing upon Mr. Hobbs bare affirmation. If I be, 1 
muſt almoſt deſpair to prove things by Experiments; and if 

he will allow me to expe& from him as much as he ſeems to 
do from me, I ſhall ſcarce _— to maintain almoſt any 
Hypotheſis T pleaſe: For, beſides that he does not ſo much 
as pretend by any Phenomenon to countenance this bold af- 
ſertion, there are Phenomena that make againſt it. For I 
know not how many Experiments ſhew us, that when Air 
paſſes through Water, it makes bubbles there,” which in our 
cife do not appear. Andibefides, I ſee not why the out- 
ward Air ſhould not rather impell the water (as we ſee it 

frequently does in ſuch caſes) than be ſuppoſed to dive fo 

ſtrangely and unperceivedly through it. W hen alſo the dili- 
gently-exhauſted Receiver is unſtopt under water, he thit 
obſerves how the water ruſhes in with a ftreani as big as the 
paſſage will give leave, will hardly imagine that at the (elf- 
ſame time as much Air as there gets in water can paſs 

through the ſame hole without being perceiv'd. But it 

may by Pleniſts be ſaid in Mr. Hobbs's behalf, and it ſeems 

the moſt that can be ſaid, that either his: Explication or a 

Vacuum traſt be admitted. To which I reply, Firſt, that he 
| | hag 
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has not evinc'd there can be no Vacuum; having endeavour- 
ed to prove it but by a ſingle Experiment,which at beſt does 
not more ſtrongly plead againſt aVacunm than this does for it. 
Next that we have :ately made it probable, that by his Ex- 

lication he does not avoid the neceflity of a Vacuum. And 
thirdly, thata Pleniſt without having recourſe to Mr. Hobbs's 
precarious divizg of the Air, may more probably decline the 
neceſlity of yielding a Vacuum by ſaying, according to the 
Principles of the Carteſians, (the ſubtileſt and warieſt Cham- 
pions for a Plexum I have yet met with) that the ther is 
by the impulſe of the depreſſed Sucker and the reſiſtance of 
the ambient Bodies ſqueez'd in at the pores of the Glaſs or 
Cylinder into the cavity of the veſlel, as faſt as room is there 
made for it. And I confeſs, I ſomewhat wonder at Mr. 
Hobbs's being averſe to this way of falving the objeted Dif- 
ficultie, fince (a little above the middle of that paſſage of 
his we have ſo long been examining) he ſuppoſes the parts 
of the Air to be infinitely ſubtile 3 which if they are, I know 
not what porescan be too narrow for them toinfinuate them- 
ſelves into. But, to preſs this no further, I muſt here take 
notice, that whether the cavity of the Receiver be reſolved 
to be (totally or in part) empty or full of Mr. Hobbs's AH- 
therial Body, or the Carteſiars Celeſtial matter; the violent 
ruſhing in of the water, when the veſſel is unſtoptunder that 
Liquor, and divers other Phenomena which willnot be aſcri- 
bd tothe ſubtile matter within (to which they attribute not 
any attraQion) ſufficiently argue that there is in the Exter- 


nal Air a far greater power of preſſing inwards, than there . 


is within of refiſting; and conſequently ſuch a Weight or 
Spring in that Air as my Epiſtle:challenges to it. I had al- 
moſt forgot to Anſwer the laſt lines of Mr. Hobbs's fo often 
mentioned paſlage, where he would have the Air that he 
ſuppoſes to be impell'd into the Sucker, to move very ſwift- 
ly betwixt the top and bottom of it. And fo elſewhere he 


would have the ſame Air, when it gets into the cavity of the 
f 2 Receiver. 
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Receiver. But having tired my ſelf, as I fear I have you, by 
dwelling ſo long upon one paſſage; I will skip ſomewhat that 
I here approve not in the Rattocination, and onely fay, 
that when a light Bladder'is ſuſpended in the cavity of the 
Receiver, it betraysno ſuch motion as is here imagined; nay, 
the flame of a Taper, as our Epiſtle mentions, was not 
blownout, nor (for ought appeared) ſtird by this ſuppos'd 
wind : to which I ſhall adde, that Smoke produced in the 
Receiver whilſt it remained exhauſted, was not by this ve- 
hement motion of the Air blown about the Receiver, as is 
particularly ſet down in our Appendix, promiſed by the 
Tranſlator of the newly-mentioned Treatiſe. But if you let 
in the Common external Air at the Stop-cock, that indeed 
wil ruſh in with Noiſe and Violence, and whirle about the 
Bladder that hung quietly n_— before. 

Having thus examined Mr. Hobbs's Firft folemn:Explicati- 
on, I now proceed to the next, wherein he undertakes to 
give an account by his Hypotheſes of the Reaſon, Why inour 
Engine, if the Manubrinum of the depreſt Sucker happens to 
fhp-out of the Pumpers hand, the Sucker is carryed up again 
towards the top of the Cylinder. But fince this Explication 
i ſach, that though he mentions it as his firſt, preſently 
after the Recital of his two Hypotheſes, he himſelf is pleas'd 
to confeſs in the laſt page of his Book, that 'tis Erronious ; 
I ſhall forbear to vex it, thinking ſuch acknowledgments more 
fit to be imitated whenever there is the like occafion, thanto 
be diſcouraged. But as for the Explication which at theend 

of his Dialogues he ſubſtitutes for his Retrated one, Econfes 
to me 'tis ſo obſcure, that I know not well what to make of 
it, But, as far as upon conſideration I can underſtand it, it 
is coincident with that, which in our Method will be call'd 
his Fourth Explication 3 with which that it may the better 
agree, ſeems one of the chief Reaſons of his akering it from 
- what we had propoſed at firſt. Wherefore we ſhould pre- 
ſently fallupon examining them both together ;, but that be- 

tween 
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tween them IT meet with an Explication (which in our rec- 
koning tis the Third) of the Torrice/zan Experiment. | 

And here he ſpends many words to prove the Opinion 
he had whether propoſed or adopted in his Elements of 
Philoſophy ; namely, that the place deſerted by the ſuſpen- 
ded Mercary is not empty, but full of Air. But becauſe 
this Expoſition aſſumes what he has not yet Demonſtrated, 
viz.s Non dari Vacuum, and becauſe the Torrice/ian Experi- 
ment as 'tis wont to be made is none of the Phenomena of our 
Engine; I ſhall refer you to what thoſe Learned men Doc- 
tor Ward and Moranws have profeſſedly, and the firſt of 
them largely enough, written againſt Mr. Hobbs's Explicati- 
on, ( yet without making all that either of them teaches 
mine: Becauſe, for my part, it will ſuffice me to argue, as 
TI did before, that if he takes the Air in the common Rnſe of 
the Word (and that wherein his Readers generally under- 
ftand him) his conceipt is manifeſtly Repugnant to ſeveral 
ſuch Phenomena as theſe. That if the Experiment be very 
well made, we may by inclining the Tube impell the Mer- 
cry from its wonted ſtation to the top of the Tubez which 
will not happen in caſe the Air were before Inclination let 
into that deſerted ſpace. That if when the Mercury 1s ſetled 
at its wonted ſtation, the Tube belifted up out of the Reſtag- 
nant Quickſilver, the outward Air will drive up the heavy 
Mercurial Cylinder oftentimes with force enough tobeat out 
the ſealed end. To which we ſhall adde onely this Experi- 
ment: The Quickfilyer reſting at its wonted ſtation, if you 
carefully ſtop the lower Orifice under the Surface of the 
Reſtagnant Quickſilver, and then lifting up the Tube ( that 
which we us'd was about three or four foot long) mmto the 
Air, keepit well ſtopt, if, I ſay, you firſt depreſs one end. 
and thenthe other, you ſhall find the Quickfilver fall againſt 
the depreft extreme of the Tube with ſuch ſwiftneſsand force, 
as will perhaps ſurprize you, and make you apprehend that 


the Tube will be either beaten out of your hand or brokers. 
t 2. Whereas: 
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Whereas if unſtoppingthe Tube whilſt the ſel-fame quanti. 
ty of Mercury remains in it, you let the outward Air into the 
cavity unpoſleſt by the Mercury, and then if you again ſtop 
the Orifice with your finger, and proceed as formerly, you 
ſhall perceivethe motion of the included Liquor to be very 
much {lower and leſs violent then formerly, by reaſon of 
the reſiſtance of the admitted Air: which willalſo manifeſtly 
diſcloſe it ſelf by the conflit and bubbles that will bepro- 
duc'd betwixt the Air and Quickfilver in their haſty paſſing 
by one another to the oppoſiteends of the Tube. 

If any friend of Mr. Hobbs's ſeeing the manifeſt inconveni- 
ences of this opinion, ſhall on his behalf pretend that 'tis 
what he calls the pure Air, that paſſes through the body of 
the Quickſilver to the deſerted part of the Glaſs Cane; the 
anſwer is ready, that Mr. Hobbs's expreſſions look ſo much 
another way, that his Readers (for ought I have found) do 
generally underſtand him of ſuch common Air as 1s diſplacd 
by the deſcent of the Mercury. And therefore I had reaſon 
enough to argue againſt what he wrote, as I have newly 
done; and however, this aflertion1s clearly precarious, and 
Iyable to the ObjeQions formerly alledg'd againſt the paſling 
of the Air through the water. To which we may adde this 
circumſtance, that in our preſent caſe it muſt deſcend into a 
far heavier and cloſer Liquor than water. But perhaps it 
will be thought, I have already ſaid more than needed a- 
gainſt an opinion which has been rejeted as well by Pleniſts 
as Vacuiſts; and though mention'd as to the main by ſeveral 
Writers, as well before Mr. Hobbs aflerted it 2 afterwards, 
has been thought ſo unlikely, as not to have been (that I 
know of ) approv'd by any man, even before the diſcovery of 
the Phenomena of our Engine. Which laſt words I adde, 
becauſe that Mr. Hobbs not pretending that any attration 
intervenes in the caſe, I ſee not how he can poſſibly make 
out, to omit other Phenomena, the deſcent of the Mercury 
in the Tube further and further beneath its wonted (tation, 


upon 
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upon the Exhauſtion of the Receiver, and the re-aſcenſion 
of the ſame Mercury in the ſame Tube, as we pleaſe to let 
in more or leſs of the outward Airz without admitting as 
"much of Spring or Preſſure in the Air as I need contend to 
have here allowed me. The weight of the Terrene Particles, 
by which, at the end of the third Expoſition, he is reduc'd 
to endeavour the Solution of the Quickſtlvers falling lower 
at the top than at the bottom of a Hill, (for Iam willing to 
think that is his meaning, and that 'tis by the Tranſcribers 
fault rather than his,that reſolutely affirms the quite contrary) 
will by no means ſerve his turn : It being utterly improba- 
ble to imagine, that the contain'd in fo little a veſlell as one 
of our Receivers can by its weight counter-balance ſo pon- 
derous a Cylinder of Quickſilver: Whence we may be al- 
lowed to argue that the Air ſuſtains it by ſuch a Preſſure or 
Spring as we plead for, whether that proceed from the Tex- 
ture of the Aerial Particles, or from their Motion, or from 


both. | | | | 
The Fourth and laſt of Mr. Hobbs's principal Expoſitions 


is of that Experiment of- ours, wherein. 100. and odde 


pound weight being bung at the depretled Sucker, the Suck- 
er was notwithſtanding 1mpelld up again by the Air to 


the top of the Cylindes. Of this Phenomenon (which has 


not hitherto prov'd unwellcome-to the Vertyous) Mr Hobbs 
gives us the following account, 

Herent hic noſtri: (which why he ſayes I know 
not) quomodo hec expedics tu £ | 

A, Expedivi ante. Aer enim & retratione Sudoris retrd 
pulſus, nec locum in mundo (ut jupponimws pleno) quo ſe re- 
ciptat inveniens, miſt quem ipſe, corpora contigna ſuis locis pel-= 
lens, ſibi faceret, perpetud pulſione in Cylindrum tanelen cogi- 
tur, tantd velocitate inter Cylindri concavam & Suiforis con- 
wvexam ſuperficiem, quanta reſpondere ſolet viribus illis magnis 
has ad Suctoren revelendun nerefarias expert% eſtis... Aer au- 
tem lie, qui velocitate ingreditur, eandem ingreſſus retinet, 


Page 22, 


fumulg;, 
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fomnlg; latera Cylindri enei (vi elaſtica prediti) undiquags 
diſtinet. Conatur ergo Aer in Cylindro vehementer mots con 
tra omnes partes ſuperficiei Cylindri concave ; ſfuſtra quidem 
dum SuGor retrahitur : ſed quamprimum SuGor manu emiſ[ug 
Aerem impellere ceſſat, Aer ille qui ante incuſſus erat, propter 
conatum in omne punFum ſuperficiei Cylindri interne & vin 
Aeris - elaſticam, inſinuabit ſe inter eaſdem ſuperficies elden 
velocitate qut impulſus fuerat, id eft, ea velocitate que reſpon- 
det viribus impulſionis. Si ergo tanta ponderis vis SuGori ap- 
pendatur quanta manunm vis erat qui impellebatur, velocitas 
gut idem Aer & Cylindro exit, locum in mundo pleno nullum 
habens qud ſe recipiat, SuGorem rurſins ad Cylindri ſummita. 
tem impellet, propter eandem cauſam que effecit ut Suffor paulo 
ante impulerit Aerem. Thus far our Authors paſſage: a- 
=_ whoſe ſolution 'tis eafie to draw divers Arguments 
rom what we have diſcourſt againſt the firſt of hisfour Ex- 
plications. But though we refer you thither, yet we will 
here alſo obſerve, that this whole conceipt of the Aires run- 
ning in and out with ſtrange velocity between the Sucker 
and the Cylinder is precarious; nor does he propoſe any one 
Phenomenon to countenance it. To which general Adver- 
tiſement I ſhall adde the three following particulars. #irf, 
that in an Engine ſo contrived, that the Pump lay cover'd 
with water, when the Sucker was retracted; the Atmo. 
ſphere would ſtrongly preſs the water againſt itz and if the 
Manubrium were let go, would ſwiftly enough repell up the 
Sucker into the deſerted cavity of the Cylinder. Which 
being a caſe Parallel to that 'under- confideration, - let any 
unbiaſs'd- Perſon judge how likely it is, 'that the' Air could 
perform all theſe Excurſions without exciting bubbles, not- 
withſtanding the Waters conſtant interpoſition betwixt it 
and the Cylinder. Secondly, that there 1s as little probabi- 
lity in what our Author teaches in thoſe words Coratur ergo 
Aer, &c. I miftht here repeat what we:formerly mention'd 
of the breaking of our Receivers inwards, not —_ as 
might 
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I might adde, that I ſee no reaſon why the Conatws of the 
Included Air, if its Coat#s were granted, ſhould be fruſ- 
traneous, when the Sucker is depreſt. But I will rather de- 
mand, Why, if the Air within have ſo ſtrong an endeavour 
outwards, as to ſtretch the thick fides of the Braſ- Cylinder, 
as Mr. Hobbs (with what probability, let any man judge) 
would have it ; I demand, I fay, why this Air does not throw 
out the Wooden Peg or Valve, which we have often to our 
trouble feen thrown out with great force and noiſe, when 
the depreſt Sucker being thruſt up again whiles there was 
Air in the Cylinder, we forgot to leave the Valve open ; 
though in this caſe the Air that drove out the Peg was far 
enough from ſtretching the Cylinder. And I further demand, 
how it comes to paſs, that, if having ſtopt the hole of the 
Cylinder with your finger inſtead of the Peg, you ſwiftly 
depreſs the Sucker, you ſhall be fo far from feeling a Preſ- 
{ure outwards againſt the Pulp of the finger from any thing 
contain'd in the cavity of the Cylinder, that your finger 
will be ſtrongly, -and perhaps not without ſome pain, preſt 
in by the ambient Air ; in ſo much that *cwas this Phemo- 
menon, and one ſomewhat like it in the Torrice/zar Experi- 
ment, that ſeem to have ingagd my other Adverſary, the 
Learned Linas, to maintain a conceipt quite contrary to Mr. 
Hobbs's, and imagine in the deſerted cavity of the Cylinder, 
not adiſtending, but violently contracting ſubſtance. Third- 
ly. That as to the laſt part of the paflage under confiderati- 
on, beginning at { ergo, &c. which ſeems to me ſomewhat 
intricate, Ido not ſo clearly underſtand why the Air that is . 
impell'd in fo ſwiftly betwixt the Cylinder and the Sucker, 
ſhould not reſiſt the ſwift Egreſs Mr. Hobbs aſcribes to the 
included Air by the ſame paſlage : nor why this impell'd Air, 
that has fo ſtrong an endeavour outward, ſhould never de- 
preſs the Sucker (againſt whoſe upper part it muſt bear 
as well as againſt the Cylinder ) as well as the ſameAir dif- 


fuſing its Motion through the vaſt ambient Mediun, can 
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enable the external Air to thruſt up the Sucker again ; eſpe- 
cially, ſince during ſuch a depreſſion of the Sucker ( as 
we have mention'd not to happen ) made by the Rebound 
of the Air, forcibly impe}l'd in from the cloſe bottom of the 
Cylinder, the Air from without may all the while, with 
congruity enough to Mr. Hobbs's principles, get in between 
the ſaid Sucker and the Cylinder. But not tainfiſt upon theſe 
niceties: I ſay, that the lifting up of the Sucker either is 
not neceſſary to prevent a Vacunm, or that in ſome caſes it 
will be hard to ſhew how a Vacwm can by Mr. Hobbs be a- 
voided. For when the depreſt Sucker is ready to be thurſk 
up again, if you hang a ſomewhat greater weight at it than 
an hundred and odde pounds, it ſhall not be. lifted up at 
all. And I ſhall make this further improvement of the Ex- 
periment under conſideration , that whereas this progreſs 
and regreſſion of the impulſe of the external Air cannot 
reaſonably be ſuppos'd to be very laſting, you may by a 
competent weight detain the Sucker depreſt, till the ambient 
Air isas quiet as it uſes to bez and yet if then you take off the 
overplus of weight, 'and perhaps a little more, in caſe the 
Pump have been very ſtanch,the Sucker and the great weight 
appended will notwithſtanding be carried up : which tis 
no way likely it could be by the impulſe of the outward 
Air, which had time to decay and be confounded. And as 
for the inward Air, beſide that we have proved, that it has 
no ſuch coats outwards as Mr. Hobbs pretends, why ſhould 
not that, were it granted, throw out the Sucker rather than 
cauſe it to be impell'd inward ; it being no way likely, that 
in caſe ſome Air ſhould get out of the cavity of the Cylinder, 
it could ſo move the outward Air,as that the reflex of that im- 
pulſe ſhould make that free outward Air bear more ſtrongly 
againſt the outſide of the Sucker than the inſide of the ſame 
Sucker is preſt againſt by the included Air, whoſe 3mpetns 
is incomparably leſs diffuſed? But not to be thought a more 
nice and diligent Opponent than the matter requires, po 

rive 
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drive this Diſcourſe no further: but rather deſire it may 
be obſerv'd in general, that whatever be reſolv'd to be in 
the Cavity of the Cylinder when the Sucker is depreſt; yet 
ſince *tis manifeſt, that ic is at leaſt in great part devoid of 
common Air, and fince the Sucker with the appended weight 
may, if the Inſtrument leak not, be impell'd up, when in 
all probability thoſe forced Undulations of the Air, that may 
be ſuppoſed to have been made by the Sucker, have ceaſt ; 
the Carteſians, Mr. Hobbs, and thoſe others that will not 
have recourſe to the un-1ntelliptble attraction of ſome rare- 
fied ſubſtance within, muſt aſcribe ſo ſtrange a Phenomenor 
to the preſſure of the Air without. . But I ſhall no further 
prefsthis Fourth Objection, partly becauſe 'tis added to the 
other three onely ex aburdant?, and partly becauſe this 
Chapter is grown ſo long already | 

I know indeed that after the Expoſition laſt recited out 
of Mr. Hobbs, he makes the Academian Dialogiſt confeſs, 
that the reſt of the Phenomena of our Engine may alſo not 
uneaſlily be reduc to his principles. But perhaps they that 
take notice of the variety of thoſe Phenomena we have ſet 
' down in our Treatiſe, will ſcarce be of his mind; and thoſe 
that have conſidered what has been diſcoursd in this Chapter 
againſt his four principal Explications, and what I am about 
to ſubjoyn in the following part of this Treatiſe, concerning 
divers other Solutions that he gives, Will perhaps be inclined 
to think that others may be like theſe, without being there- 


fore neceſlarily true. 


CHAP V. | 
In which divers ſcattered Explications and other paſſages in 
Mr. Hobbs's Dialogue are examined. 


Proceed then to the Fifth Chapter, in which and the next 
I glean up and examine divers ſcatter'd paſſages, where- 
in he offers at ſomewhat by way of Argument againſt ſome 


things we had delivered in our Epiftohical Treatiſe: I fay, 
| g 2 what 
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what he offers by way of Argument; for as to thoſe pallages 
that do but either praiſe himſelf or diſparage his Adverfaries, 
I have almoſt as little leiſure as inclination to take notice 
of them, and do not much apprehend that the Virtzoſi (e. 
ſpecially ſuch as know us both) will think what I write the _ 
lefsrational for being civil ; or will let me ſuffer in their Opj. 
nions for negleGing to trouble them in aPhiloſophical Con- 
troverfie, with matters that do but very little belong to it. 

To skip then what Mr. Hobbs is pleaſed to ſay. tn the fiſt 
Page of his Dialogue, concerning ſome diſputable diſcover- 
ies about Senſation, which he challenges to himſelf; and to 
paſs by divers other things in the ſecond or third following 
pages, which relate to him, or tothe Society he writes againſt, 
rather than to the nature of the Airz we ſhould begin with 
the Opinion he thinks fit in the fifth page to impute to us, 
as if we diſtinguiſh'd what is fluid from what is not ſo, onely 
(for ſo his Ratiocination imports) by the bigneſs of the parts 
of which a Body conſiſts: But deſigning in an Appendix to 
be ſubjoyned to this Diſcourſe to examine what I find in this 
Dialogue diſperſed touching Fluidity, I ſhall now onely fay, 
that he does very much miſtake and miſ-repreſent my Doc- 
trine of Fluidity., wherein I expreſly teach, That the prin- 
cipal cauſe or condition of it is not the fize, but the mo- 
tion of the ſmall parts that compoſe the fluid body. 

To take up then the particulars we are to examine, inthe 
order (as far as conveniently may be) wherein I find them 
lye in the Authors Dialogue, and paſſing by at preſent 
thoſe things which either we have conſidered already, or 
are not to conſider in this placez The firſt partjcular that 
offers it ſelf to be taken notice of, is this paſlage at the bot- 
tom of the twelfth page; 

B. Invas apertum infudimmns aquam, in aqua fiſtulan 
fatuimus eretam, longam, exiliſſumam z obſervavimus autem 
aquam e vaſe ſubjeFo in ereFam fiſtulam aſcendiſſe, 

. 4. Nec mirum.; nam ſuperſiciem aque, particule atri inter- 


ſperſe 
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ſperſe aqueqz contigne motu ſno verberabant, ita ut aqua non 
potuit in fiſtulam non aſcendere, & ſenſibiliter quidem in fiſtu- 
lam valde anguſtam. ERS | 

To this 1 ſay, that tis manifeſt by what I write in my 
Epiſtle, that I did not then take upon me, nor do I under- 
take in this place, to aſsign the true reaſon of the propos'd 
Phenomenon, An Attempt of this kind has been ſince ad- 
dreſsd to me, which being ingenious, if not alſo true, may 
be conſulted. In the mean time I cannot but declare that I 
am.no way fatisfied with Mr. Hobbs's Expoſition: For, to 
ſay nothing of the motion he aſcribes to the particles dif- 
perſed through the Air, he leaves the difficulty unſolved, 
ſince there being common Air as well within the Cavity of 
the ſlender Pipes as without it, he neither ſhews, nor ſo 
much as offers at, a reaſon why the preſſure of the Air,with- 
in ſhould not refiſt the preſſure of the ſame kind of Air 
without 3 as we ſee it does in greater Pipes. And poſlibly 
he would have paſt by this particular, 1f he had not over- 
look'd the: Advertiſement I gave towards the cloſe of the 35, 
Experiment, That it would concern thoſe who-ſhould-un- 
dertake to ſhew the cauſes of this Phenomenon to bethink 
themſelves alſo of a reaſon why, if the Experiment be tryed 
with Quickſilver inſtead. of Water, the Surface of the Li- 
quor will inſtead of being higher, be lower within the Pipe 
than without it : Whereas if Mr. Hobbs's Explication be ſuffi- 
cient, why ſhould not the contrary happen in Quickſilver 
as well as in Water ? 

The next paſſage I have to conſider isin the 13. page thus 
kt down; Siquis poſt impulſionem revulſionemgz 
SuGoris aliquoties repetitam, Epiſtomium ſupernti 
orificii Recipientis conetur extrahere, inveniet illud valde gra- 
vitare, tanquam ſi multarum librarum pondus ab eo penderet. 
Unde contingit hoc 2 

A. Ab atris qui eft in Recipiente fortiſſamo conatu circulars 
fa&o a violento ingreſſu atris inter ſuperficiem SuGoris convexant 
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e& Cylindri concavam, generato per iteratam illam impulſio. 
nem revulſionem; SuGFforis, quam vos perperam vocatis exu(F;. 
onem atris. A propter nature plenitudinem, Epiſtonrinm 
extrahi non poteſt, quin atr qui eſt in Recipiente (Epiſtomio 
contiguws) una extrahendua fit. Qui quidem aer, ſt quieſcerer, 
facillime Epiſtominum ſequeretur : ſed dum velociſſume circuit, 
ſatis difficulter ſequitur z id eſt, videtnr eſſe valde gravis. 

B. Verifimile eſt : Nam ut atr noun in Recipiens paulating 
admittitur, etian apparentem illam gravitatem paulatim perdit. 

Bur, I.do not much fear that this Explication will keep 
the Experiment from continuing to bethought by ingenious 
men, a notable Confirmation of our Hypotheſis. For, to - 
paſs by ſomething that,. though I am no way ſatisfied with, 
cannot well be examinedin few words; I an{wer, Firſt, that 
if there be ſuch a vehement circular endeavour as he imagi- 
nes of the Air in the Receiver, by which motion he elſe- 
where teaches (as we have ſeen above) that the Air ruſhes 
out with violence enough to make the Atmoſphere lift up in 
our Cylinder above. an hundred pound weight; I ſee not 
why it ſhould not rather throw out the ſtopple under con- 
ſideration, than hinder its extraction. And I ſee not why, 
when the external Air is re-admitted at the ſtop-cock-into 
the exhauſted Receiver, and thereupon there does ſenſibly 
follow for a little while a whirling about of the included 
Air, the ſtopple, that juſt before ſeemed fo much to reſiſt 
the being drawn out, ſhould ceaſe to make any ſuch re- 
fiſtance. Nor do I ſee how the plenitude of Nature ſhould, 
as is here intimated, hinder the extraction of the ſtopple : 
For, according to the Pleniſts, the World and theReceiver 
. muſt be at all times equally. fall. And if the contiguous 
Air muſt for Mr Hobbs's reaſon neceſlanly be extracted with 
the ſtopple in one caſe, I fee. not why the like ſhould not 
happen in another. But ſince Mr. Hobbs is pleaſed to call us 
Experimentarian Philoſophers,letus ſhew that fuch Explicati- 
ons astheſe of his need not make us aſhamd of the name. 4 fay 
then, 
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then, thatitappears by our Experiments that there isnoſuch 
Fortiſſumus conatus circularis in the exhauſted Receiver ashe 
pretends; bur that there is indeed an endeavour of the Am- 
bient Atmoſphere to preſs inwards the parts of the Glaſs and 
Cover that are contiguous to it. For, as I have alſo noted 
already, a light Bladder ſuſpended in the cavity of the Re- 
ceiver betrayed no ſuch motion as Mr. Hobbs here ſuppoſes. 
To which I ſhall now adde, that neither were a pair of 
Scales ſuſpended within the ſame Cavity ; nor was a long 
Magnetical Needle that reſted upon .the point of another 
Needle, at all whirled about by this imaginary motion of the 
Air. Beſides, if you leiſurely looſen the Braſs ſtopple, fo 
that it may be very near, but not contiguous, to the ſides. 
of the Socket, you ſhall manifeſtly perceive a ſtrong current 
of Air toflow into the Receiver at that paſſage : And more 
than once, when inſtead of that piece of Braſs we ſtopt the 
hole in the Cover with our Cement, one might obſerve 
ſometimes whilſt we were pumping, ſometimes after we 
had. done pumping, that the outward Air by degrees de- 
preſs'd the ſaperficies of the Cement expos'd'to it, and made: 
It concave, and now and then would break through it, 
thruſting it inward with great violence and noiſe. 

In the ſame page our Author rectifies, after. his way, an- 
other of our Explications in theſe words ; Vidinus | 
item aquane demiſſam in Recipiens poſt Sudoris aliquot "© 5 
reciprocationes ita bullire, ac ſt ſuppoſito igne ferveſceret. 

A. I& quoqz accidit propter velocitatem atris, ut dium eſt, 
in Recipiente circumenntis 3 nift forte aquan illam dum bullit 
calidans quoqz, efſe deprehendatis. Nam ſt certi efſemua illans: 
caleſcere, alia cauſa Phenomeni. excogitanda eſſet. 

B. Imo certi ſumus quod non caleſcit ſenſibiliter. 

A. 2id ergo tali aque motui conferre poſſe putas majorens 
vel minorem Atmoſphere gravitatem £ | 

 B. Negz illum motum attribuunt, puto, Atmoſphere. 

But, I confeſs, I ſee not how the circular motion of the- 
Air. 
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Air within the Receiver could in a Vial with a long neck 
produce ſuch effects as in my Epiſtle are recited : eſpecially 
I ſee not how ſach a wind paſsing along the Surface of the 
Water could raiſe ſo many and fo ſtrangely- big bubbles, which 
ſeemed many of them to riſe-from the lower parts of the Wa- 
ter, and ſwell'd notably as they aſcended; and how ſuch a 
wind ſhould carry up the moſt part of the Water through 
the long neck of the Vial, and as it were ſpout into the 
Receiver. 

As for what heſayes about the gravity of the Atmoſphere, 
*tis plain enough that my conjeQure aſcribes the Phenome- 
201 to the taking off, not the gravity of the external Air, 
but of the preſſure of the Air within the Receiver; though 
I ſee not why the removal of the weight of the Atmoſphere, 
if it could be out of the Engine effeted, ſhould not have a 
like operation. | 

- And(to anſwer Mr. Hobbs's Queſtion as it ſhould have been 
put) that which I think the greater or leſſer preſſure of the 
Air confersto this Phenomenon 1s this, That whereas common 
Experience. ſhews us, that water by being heated 1s expan- 
ded,and has bubbles generated init 3 and whereas our former 
Experiments, eſpecially the 28. have made 1t appear, that 
there is wont to bein water and other liquors Aerial Particles, 
which tend to expand themſelves, and do actually do fo, in 
numerous bubbles, when the preſſure of the incumbent Air 
is conſiderably leſſened: In the preſent Phenomenon that 
preſſure being by the exhauſtion of the Receiver taken off, 
the Aerial particles and agitated Vapours that abound in the 
hot water are allowed to expand themſelves, as before they 
could not, and to make ſuch numerous and great bubbles, that 
thereby a good part of the water is carried out of the Val. 
So that I ſomewhat wonder what makes Mr. Hobbs ſpeak as 
if there were no ſenſible heat of the water under conſider- 
ation, fince 'tis expreſly faid that it was put in hot; and if 
it were put in cold, could by no pumping be brought . = 
ea 
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leaſt ſhew of Efferveſcence. And as for his Explication of 
the Phenomenon, the Experimentarian Philoſophers ' need 
not the' ObjeQion lately 'made againſt it; For I have al- 
ready evinced by Experiments, that there is in ourexhauſted 
Receivers no ſuch peculiar motion of the Air as he-aſcribes 
. the Phenomenon to; nay, when there is manifeſtly a whirl- 
ing about the Air in the Glaſs upon: the admifhon' of the 
external Air, the production of numerous -bubbles in the 
water preſently ceaſeth: -- And therefore I ſee not' why Mr. 
Hobbs right not have let alone my ConjeQure, (for I pro- 
pos'd it, and look upon it, as no more) unleſs he could 
either have diſproved it better, or ſubſtituted a more pro- 
bable one than he has in its place. 

As for what he-adds in theſe words, Ab hoc experiments 
manifeſtum eſt, quod Recipiens per exuGionenm hanc 
quam vocatis Aeris, non fit vacuum. Nam moveri 
agua non-potuit niſt 2\movente- aliquo moto & contiguo. {tags 
Phenomenum: hoc-demonſtrationem ſuppoſttionis mee continere 
videtur nox infirmam. I am not: obliged to anſwer it, but 
leave that. to thoſe that are profeſt Vacuiſts; againſt whom 
I muſt doubt whether hs Ratiocmation will conclude, 
though the conſequence be not manifeſt to me. For himſelf 
allows his Terreſtrial Atoms an innate circular motion, which 
conſequently needs not depend upon ſome body contiguous 
and moved; and the Vacuiſts will ſay, that the particles of 
the water being ſtrongly agitated when it was put intq the 
Receiver, (whether by fiery Corpuſcles ſwarming in it, or 
otherwiſe) and the reſiſtance of the incumbent Air being 
taken off, the Phenomenon would be produced juſt as it is, 
though we ſhould ſuppoſe no other body to ſucceed in the 
room of the exhauſted Air. And beſides, though ſome ſub- 
tile particles of aQtive matter ſhould get in to agitate the 
Aqueous and Aerial Corpuſcles, yet (they may ſay) there is 
no neceſlity that ſuch minute particles ſhould be numerous 
enough to f wp exaFtly all the little ſpaces deſerted by the 
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Air. And even upon this ſuppoſition, as it would not fol. 
low that ſuch relinquiſh'd ſpaces were all of them quite emp- 
ty; ſo would not the Phenomenon at all prove, much leſs 
manifeſtly prove, that they were quite ful. And ſince an 
actual heat, that is, a brisk and various Agitation of its ſmall 
parts, is requiſite tothe boyling of the water.in this Experi. 
ment3perhaps others will not think it more abſurd,thatthe re- 
moval of the preſſure of the Air ſhould occaſion this expan- 
ſive motion in the water, than that which Mr. Hobbs.muſt 
allow, that in Air compreſt by Quickſilver, or ſome other 
weight, the removal of that pretſure is ſulficient to make 
that Air expand it ſelf by the flying abroad of its parts. 

And whereas Mr. Hobbs urges this other Argument againſt 
the Vacuiſts, Preteree dic miki, bullientem aquanm 
= ov. bn potuiſtin' conſpicere £ 

B. @uidni ? 

A. Nonne vifjonem fieri concedunt veſtri per aGionem conti- 
nuam ab objeto ad oculums?  Nonne etiam putant ationem 
eſſe motum, &» omnem motum efſe corpors * QJuomodso ergo 
potuit ab objeFo, nempe aqua, ad oculos tuos motus per vacuum 
(ideſt, per non corpus ) derivare £ | 

B. Non affirmant noſtri ita vacunm eſſe-Recipiens, nt. nul- 


lms ommino atr relidgas [it. if wot 


.. A. Nil refert an totum Recipiens vacuum ſit, an magna ejuy 
pars; name utrumvis ſupponatur, derivatio motws ab objeFo ad 
oculum intercipietur. WA rae 

B. Ita videtur, nec habeo quod reſpondeam. , The: Vacuilts 
will perhaps anſwer him as I anſwered Franciſcas Linwito 
an almoſt ike ObjeQion. - And thoſe of them (which make 
far the greateſt number) who plead but for an interſperſed 

Vacuum, will perhaps tell him,that they take Viſianto be made 
not by ſuch a Propagation of Impulſe as be does, but by. a 


. TrajeQion of Efiuvia, that iflning out of the Sun, and tpa- 


verſing the Diaphanous bodies interpos'd, rebound from 
the objxe& to the eye. And according tothis Dodrine they 
may 
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may aſk Mr. Hobbs, why a motion may not be made through 
a Vacuum, or non corpm? nay, how it can naturally. be 
ſtopt i vacro where there 1s nothing to reſiſt it > But Con- 
troverſies of this nature it lyes not upon me to pro- 

ſecure. | 
In the 14. page Mr. Hobbs having recited that Experi- 
ment of ours, of killing Animals included in our Receiver 
by the exhauſtion of the Air in two or three minutes of an 
hour, ſubjoyns theſe words, Credir' tn animalia iſta 
tam cito interempta eſſe eo quod carerent atre 2 no- 
modo ergo ſub aquam viount Orinatores, quorum aliqui (aſſue- 
ti 2 pueriti) carnere atre per horam integram 2 Incluſa in Re- 
_ Cipiente animalia occidit motws ille idem vehementi(ſimus, quo 
diſtenduntur rumpunturq; incluſe veſice. But, though he 
ſayes no more in this place concerning this matter, yet it 

ſcems he either much liked his own ConjeQurecs, or greatly 
diſliked mine, fince in his Epiſtle Dedicatory to the learned 
Sorberizs he ſingles out this fole Phenomenon to explicate z 
Ego contra (fayes he there) neqz atrem exugi poſſe, neqz inclu- 
ſum aninual(etſt exuFus eſſet ) tam cito moriturum eſſe exiſtimo. 
A®Gio quidem quam mors illa ſequitur videri poteſt vel ſudtio 
quedgam. (& propterea exutione concluſy atris interfici animal, 
reſpiratione ſublata) vel etins compulſio atris ab onmi parte ver- 
ſus. centrum ſphere cui animal includitur ; &+ ſic videri poteſt 
#10ri 2 tenacitate compreſs atris, quaſi aqua ſnffocatum;, nimi-= 
rum hauſtum in intima pulmonum atrem ſolito tenaciorem, inter 
arterian &» venam pulmonis, curſum ſanguinis intercipiendo 

fſtere. But, as I propoſed my ConieQure doubtingly, and 
profeſs my ſelf to be 1n a further enquiry about the uſe of 
the Air' and of Reſpiration; ſo I muſt (till think, that we 
want ſome further or clearer diſcovery about that matter, 
notwithſtanding what has been delivered concerning it by 

Mr, Hobbs. For his Argument againſt my Conje&ure is in 
the paſſage that propoſe: it anſwer'd by himſelf: for he plain- 
ly intimates that Divers who - live without Air (which 
2 yet 


Page. 14. 


y<t I might queſtion, if he mems without any Air at all) for 
a whol: hour, are accuſtomed to it from their Childhood. 
Wherefore, unleſs the Animals that dyed in.my Engine had 
been for a long time framed by d-gre:s to live without Air, 
it will not follow that the want of it could not diſpatch them 
in a ſhort time, as ordinary mcn may be drowned in a few 
minutes. And having purpoſely let down ſome Mice and 
ſmall Birds into a deep Glaſs fill'd with water, and kept them 
from emerging by a Weight tyed to their legs or tayls, 
though ſome lived longer than others, yet I obſerved them 
to be kill'd faſt enough to keep my Conj<Qure from being 
incredible: eſpecially the laſt we made tryal of,though a large 
and luſty Mouſe, appear'd to be quitedead within ſomewhat 
Jeſs than one minute, meaſured by the Vibrations-of a Pex- 
dulum. And we particularly took notice, that before drown- 
ing divers bubblcs, which ſeemed to be the reſpired Air, 
cam2 out of their mouths, and aſcended through the water. 
And as for the Explication that Mr. Hobbs would recom. 
mend inſtead of mine, not to urge that I could wiſh he had 
been plcasd to ſhew us how the tenacious Air he imagines 
to be inſpired comes to produce thoſe ſtrange Convul- 
fions and other -Symptomes mentioned in my Epiſtle; not 
to urge this, I ſay, we have already diſproved the ſuppoſt- 
tion his Opinion is built on, namely, that there is in the ex- 
hauſted Receiver ſuch a motus vehementiſſuznes as he pretends : 
beſides that he ſhews not how this motion comes to kill the 
included Animals which I was-wont to keep, not near the 
Centre of the Receiver, where he ſeems to think this moti- 
on moſt operative, but near the bottom of it, that the in- 
. cluded Animal might have ſomething firm under his feet. 
Nor does it at all clear the difficulty, that he would have . 
this motion the ſame whereby included Bladders are diſten- 
ded and broken. For, beſides that 'tis very hard to con- 
ceive how the tenacity of the Air, or its beating from all 
parts upon. the convex: Surface of an almoſt quite empty 
- Bladder, 
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Bladder, (for in ſuch alſo the Experiment he refers to wilt 
ſucceed) ſhould make it burſt outwards; beſides this (I ſay ) 
we have already proved that the diſtenſion and breaking of 
Bladders in our Receiver proceeds not from any ſuch motion 
of the neighbouring Air as is here preſumed, but from a 
quite differing, if not from a contrary cauſe. | 
In the ſame page our Author makes a digreſſion from the 
Engine, and diſcourſes of another Experiment which I have 
long fince often made: but though his Explication be lyable 
enough to juſt Exceptions, (as I can make good if it be re- 
quired) yet becauſe the Experiment is none of thoſe I de- 
livered, I ſhall leave it to be examined by others: and for 
the ſame reaſon I forbear to meddle with that he has in the 
next page concerning the Wind-gun, as to what he has in: 
the ſame 16. page in theſe words, Placet mihi tua 
magis Hypotheſts quam illa de vi atri elaſticas nam 
video quod 2 veritate illins veritas dependet vel vacui vel plenis; 
ſed 2weritate hnjus nthil ſequitur in nentram partem queſtionis. 
Aeris, inquit, ſkruFura ſtmilis eſt compreſſe lane. Bene eſ8. 
Lana fit ex filis, Rede. Sed-cujus fienre? Si Parallelopipeds, 
' zulla poteſteſſe compreſſio partinm : ſi non Parallelopipedi, erunt 
inter fila il/a ſpatia quedam relifFa; que ft vacua ſunt, ſuppo- 
runt Vacuum,ad probandum quod Vacuum eſt poſſibile 3 ſj plena, 
plenum dicunt quod vacuum putant. To this paſſage, | fay. 
I cannot but repreſent, that the Queſtion is not, whether 
from the Hypotheſis that aſcribes a Spring to the Air, depends 
| the proof of a Vacuum or a Plenum, but whether the Zypo- 
theſis it ſelf be true or no. For, ſure there are many things 
certain in Natural Philoſophy, from whoſe truth that of a 
Plemim or a Vacuum cannot be deducd. And: to what he 
addes concerning the ſtruQure of the Aerial Particles, the 
Vacuiſts may tell him, that they make no ſuch Argument 
as he is pleaſed to make for them; and do not commonly 1m- 
ploy the Figure of the Aerial Particles to prove a YVacunzy; 
but other Arguments, ſuch as = Hobbs has not yet well 
T an-- 
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anſwered: and havingby them, as they judge, prov'd inter- 
ſperſed Vacuities, they might without inconvenience ſuppoſe 
in an Atrial Corpuſcle little empty Pores, upon whoſe ac- 
count it may be capable of compreſſion, in caſe they ſhould 
think fit (which 1 know not that any of them does) to aſſign 
it the Figure of a Paralelopipedon. But this Controverſie the 
Vacuiſts may, if they pleaſe, proſecute. In the ſame page 
Mr. Hobbs begins, and in the next he continues, a long dif. 

courſe concerning the going ont of fire in our Receiver up- 

on the exhauſtion of the Air: the paſlage is too prolix, and 

does too little concern the Spring of the Air to be here to- 

tally tranſcribed, or examined Period by Period. In fumme, 

he indeavours to do- two things: the one 1s to reduce what 

happers to kindled Coals placed in our Engine to what hap- 

pens in certain Mines, wherein when ſome thick damps af- 

cend, both Charcoals and Candles are ſoon extinguiſhed 

thereby : the other is to ſhew, that by the Reciprocation of 
the Sucker, the AirimpelF'd firſt into the Cylinder, and then 

into the Receiver, is put into ſuch a motion as gives it a cer- 

tain middle confiftence, as he ſpeaks, betwixt the confiſtence 

of pure Air and that of Water. But I ſhall not need to ex- 

amine this ſecond part of his diſcourſe, becauſe.I deny the 

firſt; and being able to diſprove the thing it ſelf, namely, 

the thickneſs of the Air in the exhauſted Receiver, I need 

not ſpend time about what he teaches de modo. 

To examine then onely the firſt of the above mentioned 
particulars, I ſhall begin with obſerving that his ſtory of the 
damp to be met with in Mines is more largely ſet down by 
Mr. Zobbs in that Chapter of his Elements of Philoſophy, 

- Where he treats of Gravity ; in which place he ſeems tomen- 

| tion it (to uſe his own Expreſſion) as a ſtory of doubttull 
- credit, which 'tis not like he would have done if had then 
{cen it. Which I mention, not that I deny the ſtory forthe 
main, nor that I would bring Mr. Hobbs into a ſuſpicion of 
relating things untrue as matters of faq, his enemies them- 
ſelves 
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ſelveshaving not accuſed him of ſuch a meanneſs ; but becauſe, 
if he have not ſince obſerved the thing himſelf, there may 
eaſily be a miſtake in ſome of the circumſtances : as for in- 
ſtance, the number of Minutes wherein the thick Air choaks 
the firez and 'tis upon that circumſtance that the validity of 
what he deduces from the obſervation chiefly depends. - But, 
however the matter fare with theſe ſubterraneal Damps, we 
have already proved by ſeveral of the Experiments of our 
Engine, that in the exhauſted Receiver there 15 no ſuch mo- 
tion of the Air as is here ſuppoſed. And it may be ſuffici- 
ently proved, that whatever remains in the Receiver is not 
ſuch a ſubſtance as Mr. 7Zobbs would have it: for that, he 
here tells us, is of a confiſtence betwixt Air and Water z and 
in the above-cited place of his Elements he (ayes, that 'tis 
not much lighter than Water. But by the Magdeburgickh Ex- 
periment (we have already had occafion to mention two or 
three times) "cis evident that the Receiver by being exhauſted 
of common Air is ſo far from growing heavier, much leſs ſo 
mach heavier as it muſt if it were filled with a ſubſtance not 
much lighter than Water, that it loſt above an Ounce of its 
former weight. And to this agrees what we ſee happen in 
fEolipiles, that grow lighter when the Air is expell'd. _Be- 
ſides, if the Receiver bein our preſent caſe filled with a 
ſubſtance whoſe confiſtence is ſa much nearer that of Water 
than 1s our common Air, as Mr. Xobvs would have itz how 
chance a Pexzdulam ſhould not move very ſenſibly ſlower in 
it, when in Water the Diadromes are ſo exceedingly much 
more ſlaw? And the breaking of an Hermetically-ſeal'd bub- 
ble-in our Receiver outwards, when the Air was much ex- 
hauſted, and not before, together with divers other Experi- 
ments that might be eaſily 'applyed to this purpoſe, in our 
Epiſtle, do ſufficiently evince, that 'tis not 8 thicker and far 
heavier Air, but a more _ and lighter, that remains. 
after Pumping in the Cavity of our Receiver. And thus 


much as to Mr. Hobbrs diſcourſe upon our Experiment. But 
ES as 
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2s for the thing it ſelf, it appears that when I related it 1 
thought it might admit a farther enquiry: And indeed there 
may be ſo many ways of extinguiſhing Fire (as we £e that 
the flame of a Candle may be blown out by the wind, or 
quenched in water, or put out by the compreſſion of a pair 
of Snuffers, or ſuffocated for want of Air to receive its fu- 
liginous ſteams, or (if that be a different way) ſtifled by the 
thick Exhalations of deep Mines or of new Wine) that as 'tis 
| Not in all caſes ſo eafieto aſligathe true cauſe of the extingi- 
on of fire, ſo 'tis unſafe to conclude with Mr. Hobbs, that 
becauſe a Candle or'a live Coal maya great way underground 
be extinguiſht by a thick Damp, therefore the effect muſt 
proceed from the [ike cauſe in our Receiver, where there is 
no fign of any Damp or unuſual thickneſs of the Air, but of 
the contrary. | 
But let us follow Mr. Hobbs to the next paſſage, wherein 
he ſeems fond enough of playing the Cenſor. For, ſpeaking 
of our 11. Experiment, wherein the Coals that ſeemed al- 
moſt dead in our exhauſted. Receiver, being taken out into 
the Air began to ſhine again, having made his Academian 
Dialogiſt ſay, Fnere eorum aliqui qui remanſtfſe dixerunt in 
carbonibws illis (quanquam extin@:t videbantur_ pars 
ticulas quaſdam igneas, que admiſſo atreventilate cete. 
ram molem denuoaccenderent : Theother(by whom Mr. ZZobbs 
is meant) anſwers him, Nez; que dicerent non videntur co- 
gitafſe, ſed ſortitos eſſe. This is very ſevere. But let us ſee 
what weighty reaſon he has to be ſo: Credin' tn in 
carbone ignito partem aliquam non carbonem, ſed ig- 
nem eſſe; aut in candente ferro partem ineſſe quod ferrium non 
fit ſed ignis? But ſome will think that by theſe words he 
does rather propoſe than prove his Opinion: wherefore let 
us hear his Ratiocination, which he annexes in the following 
.words, Ab unica ſcintilla magne urbis incendium na- 
_ poteſt. Atqui ſt ignis corpus ab ignito diverſum ſit, 
zu plures potuere eſſe partes ignee in toto incendio quan in -— 
ills 
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illa ſcintillula, Videmwn corpora diverſorum generum 2 luce 
Solis tam per refradtionem quam reflexionem fat am in lpecu'is 
comburentibus accendi paſſe : neqz tamen quenquam eſſe credo 
qui putet particu! rs igneas a Sole ejedas tra» ſire poſſe per ſubſtan- 
tiam globuli cryſtallini, In atre intermedio ignis nullus eſt,” 
But 1 doubt his Adverſaries will ſay, that he is fo far from 
having in this paſſage well confuted their Opinions, that 
he ſeems not to have well underſtood them: For they will 
tell him, that they teach not that the fire is materially differ- 
ent from every part of the fewel; but that the igneous 
Corpuſcles, whilſt they are divided, blended and oppreſt 
with -the others, have not the power to ſhine or burn, till 
being by ſome ſpark or other body afually burning, or by 
ſome other ©quivalent cauſe extricated, they flock together 
in ſwvarms, aid then are able to burn and ſhine, that is, to 
appear fire: Which fire is yet but a part of the fewel; as 
appears by the Phlegme, Aſhes, and perhaps other incombuſ- 
tible parts of the Coal or other fewel. © So that the Atomiſts 
and divers others will not allow what Mr. Hobbs infers a- 
bout an i##cendinm. And whereas he tells us he believes that 
no body thinks, Particulas igneas 2 Sole ejeFas tranſire poſſe 
per ſubſtantia globult cryſtallini ; he ſeems to metohavevery 
littleheeded the Epicurean Zypotheſis, For, not onely the 
learned Gafſerdus, but l know not how many other Atomiſts 
(beſides other Naturaliſts) Ancient and Modern, expreſly 
teach the Sun-beams to conſiſt of fiery Corpulcles, trajeted 
through. the Air, and capable of paſſing through Glaſs ; 
whereby theſe Authors give an. account of thoſe ſperula uſe 
toria that burn by reflexion. - Theſe things I repreſent, not 
that I intend here to adopt” the Arorhiſts Opinion of the na- 
ture of Fire, of which I amnot obliged todeclare my thoughts 
here,and have done it elſewhere 3 but to ſhew that Mr. Hobbs's 
Arguments are not a ſufficient ground for ſo heavy a Cenſare, 
And' if a Coal be kindled at one end, though Mr. Hobbs 
would have the kindled end a Coal, not Fire; yet if he 

1 pleaſe 
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pleaſe to hold it in his naked hand, he may find that differs 
enough from the other end todeſerve another name. AndI, 
that but related a Phenomenor, did not perhaps expreſs my 
ſelf much leſs warily, if not more fo, than Mr. Z7obbs him- 
ſel For whereas my words are theſe, We preſently took out 
0 the Coals, in which it ſeems there had remained ſome 
*© 19: little Parcels of fire, rather covered than totally 
guench'd : for in the open air the Coals began to be rekindled 
zn ſeveralplaces: Mr. Hobbs even in his Elements of Philoſo- 
phy ſpeaks thus upon a ſomewhat-like occafion, If a Grate 
filled with Coals throughly kindled, and burning ne- 
_ = ver ſo brightly, be let down, as ſoon as ever it is below 
' C. the fire will begin to grow pale, and ſhortly after 
Clooſing its light ) be extinguiſht, no otherwiſe than if it were 
. quencht in water : but if the Grate be drawn up again preſently, 
: while the Coals are ftill very hot, the fire will by little and little 
be kindled again, and fhine as before. 

As for the-reafon Mr. Zobbs affigns of our Experiment in 
the lately mentioned paſſage of his Dialogue, being 
grounded upon fſach a thickneſs of the Air in the 
Receiver as we have already diſproved, it needs not to be 
examined. And laſtly, as to what he fubjoynes in theſe 
words, Zuando axtem eft quod de honine vere pro- 
zunciare poſſumns quod eft mortums, ſive (quod idem 
eft ) animam expiravit. Cognitum enim eft homines nounulhes 
pro mortuis habitos, poſtridie elatos revixiſſe. 

A. De puniJo temporis quo anima & corpore ſeparatur difftcile 
eft ſtatuere. Perge igitnr ad experimenta alia. 

I confefs I ſee not why that needleſs Queſtion might not 
_- been well ſpared, if he deſigned to give 1t no better 
Anſwer. 


Page 18, 


Page. 18, 


CHAP. 


(59) 


| CHAP. VI. | 
Wherein other paſſages of Mr. Hobbs's Dialogue that concern 


the Author are examin'd 


F 7 Hat our Author has in the 19. page concerning a 

/ Y » Bladder has been already examined, wheretore 1 pro- 
ceed to the next paſlage in the ſame page, which is this ; 

B. Si acus magnete excitus liberependeat intra Recipiens, ſe- 
quetur tamen ille motum ferri quod circumducitur extra Recipi- 
ens. Item obje&a intxs poſita ab iis quiextra ſunt videbuntar, 
& ſoni intus fatti audientur, omnia hec eque poſt atq; ante 
exuttionem atris, niſi quod ſoni ſunt aliquanto poſt quam ante 
debiliores, F 34 v: O) | 

A. Manifefliſſrma hec ſunt ſigna Recipients ſemper pleni, 
wee poſſe inde exngi atrem. Yuod autem ſoni inde ſentiantur 
debiliores, fignum eſt conſiſtentie atris, Conſiſtentia autem 
atris 2 motu ejus eft per lineas diametraliter oppoſitas. But I 
meet with few of the Vacuiſts, who, evenin the Torrice/Sian 
Experiment, think the place relinquiſhed by the Quick filver 
to be perfe&ly void, moſt of them allowing, that thoughric 
be not quite full of body, yet it may contain ſome of the 
Earth's magnetical ſteams, or of thote igneous Corpuſcles 
- that flow from the Sun, or both of them. - Now againſt 
theſe who would from our Experiments deduce but onely an 
interſperſed Vacuum, | ſee not that the Phenomena mention» 
ed by Mr. Hobbs do conclude half fo manifeitly as he pre- 
tends: For, as to the motion of the Needle within the Re- 
ceiver, 'tis known that they are wont to aſcribe Magnetical 
AttraQion to certain Efiuvia, that iſſuing out of the Load- 
ſtone are ſubtile enough to paſs through the Pores of the 
cloſeſt bodies without excepting Glaſs3 ſo that although the 
Receiver were quite empty 'd b:fore, the Needle might be 
wrought upon by Magnetical Corpuſcles, that need not be 
| ſuppoſed to fill the 10th. part of the Receiver. I know in- 
deed that Mr. Hobbs has another Hypotheſis of the Phenomena 
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of the Loadſtone, but I know that divers learned Writers 
have abſolutely rejeQed it, and not one. ſuch that I haye 
heard of has approved it. * And*as for the other two Phe: 
n0mena here mentioned by Mr. Hobbs, the Atomilts may an- 
ſer, That the firſt (rouching Objedts ſeen in the Receiver) 
has been ſhewn already not to overthrow their 'DoGring: 
and that the other (concerning the Debilitation of' Sounds) 
makes againſt him, not for him fince we have already, dif- 
proved that conliſtence of. the Air whereto' he aſcribes it. 
And the ſame Arguments that overthrow that Opinion may 
make it ſeem ſomewhat ſtrange, that he ſhould ſubjoyn our 
Experiment of twa ltke Perdula, whoſe Vibrations we found 
not manifeſtly to differ within and without our exhauſted 
Receiver. For the former ſhould move far. {lower-than..the 
other according to Mr. Hobbs's Canceit, that the Receiver, 
| _ When we fay 'tis exhauſted, is filled with a 
\Corpare that in. ſubſtance of a -middle + conliſtenee- betwixt 
Can of: his The pure :Air-and Water, 'and not much / lighter 
ficks with that of than Water. But whether the Receiver bein 
bigs _—" ' ſuch caſes adequately full or no, the Vacuiſts 
we - may further conſider. | For its being granted 
to be full would not overthrow either of my Bypotheſer 
namely, the Weight: and Spring of the Air. --, 4, 
- In the ſame 19. and ſome following pages Mr. Z76bbs has 
a long Diſcourſe again(t my Conjecture at the reaſon I pro- 
poſe 1n my 31. Experiment, why (as I there expreſs it) if the 
exquiſitely poliſht Surfaces of two flat pieccs of Marble beſo 
congruous toeach other; that upon their: mutua] application 
there reſults an immediate contact, they will ſtick fo faſt to- 
gether, that he that lifts up the uppermoſt ſhal}, if the un- 
dermoſt be not exceeding heavy, lift up that too, and ſuſtain 
it aloft in the free Air. The ConjeQture it (elf is in the ſame 
page thus {ct down, 7 hat the lower ſuper ficies:of thai(un- 
dermoſt) ſtone being freely expoſed to the) Air, is preſt 
upon by it 5 whereas the uppermoſt ſurface being tontiguons to 
A the 
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the: ſnperionr flone, is thereby defended from the preſſure of the 
Air, a bich Cn ele pr ſtone =—_ ks 
per hinders it from falling, as we. have .elſewhere' more fully 
declared, | Winch laſt words I therefore omit not, {becauſe 
they ſhew that I handle this matter in this place but inciden- 
tally, and may. make-uſe of what I have deliver'd where I 
freat of it-rtiore expreſly: 5: as'Thave fince doneiin Print in the: 
Hiftory- of: Fluidity arid Firmnefs;: which Mr..Hobbs appears 
to have ſer by! thoſe'cen{uresiof ſome paſlages of it that I 
ſhall hereafter examine,” lt Xt 
' - His whole Diſcourſe concerning my. ConjeQure, and his - 
Scheme; would be too prokixi to be entirely: inſerted. But 
the thing his Diſcourſe drivesat is to-fhew, that neither the 
Spring nor Weight bfthe Air have any thing to do-with'this 
Phenomenon: and'thereforewhen he had made his Academian 
relate, 'that two coherent Marbles ſuſpended in our Receiver 
did not fall aſunder upon the exhauſtion of .it, he ſubjoyns 
that it was, 27aihil iſtic erat quod ageret Atmoſphere: por- 
aus; and annexes, Experimento hoc excogitar; contra | 
opinionem eorum qui Vacuum aſſerunt aliud argumentun 
fortins aut evidentins non potuit, Nam ftrduorum coherentinne. 
alterutrum ſecundum eam viam-in qua jacent ipſe contigue ſu- 
perficies ' propulſun ry mr  ſepararentur, atre proximo: in 
locumrreliG um ſucceſſave ſemper influente 5 ſed illa ita divellere, 
ut-- ſinml totita amitterent conta@tum,” impolſibile eſt, mundo 
pleno. Oporteret enim aut motum fieri ab uno termino ad alin 
in inſtante, ant duo corpora eodem tempore in eodem eſſe loco : 
quorum atriumvis dicere eſt abſurdum. _ But how this ſhould 
be ſo cogent and manifeſt ran*Argument againſt the Vacuilts 
I confeſs I do'not well diſcern; For that which it proves (if 
it prove any thing) ſeems.to be, That in caſe the cohering 
Marbles could be ſoſevered as to loſe at once their whole 
conta&t, the 'world'might -be concluded not to be full : But 
I ſee hot how it'thence' follows, that therefore there can be 
no Vacuum. ' For my-part:l would demand, whether the fo 
8 3 {troog 
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ſtrong coheſion of the Marbles be neceſſary or not.to the 
plenitude of the world. If it be, how chance a ſufficient 
weight hung to the lower Marble can immediatley draw them 
aſunder? and if ic be not, why does not Mr. Hobbs aflign 
ſome other cauſe of their ſo ſtrong adheſion, if it depend 
neither upon the Spring nor Weight of the Air? As for the 
non-ſeparation of the two Marbles in our Receiver, I have 
Aid in the ſame 31. Experiment, that the cauſe may probably 
be the preſlure of the Air remaining in the Receiver not ſut- 
ficiently exhauſted. And this Conjeture I have more fully 
defended in what I have written about it againſt Frerciſcxs 
Linus, where I ſhew, that 'tis no way unlikely the remaini 
Air ſhould be able to ſuſtain a weight of four or five Quncez 
hanging at the lower Marble, fince the free Air was able to 
ſupport between 400. and 500. Ounces hanging at the ſame. 

But Mr. Hobbs tells us, that the cauſe I aſſign of the cohe- 
fion of our Marbles is lyable to huge inconveniences; of the 
greatneſs of which we may judge by the farft of them Conf- 
| rtextur (ayes he) tum ipfi tum alii ommes, ponderatio- 
Fage. 20 em omen conatumeſſe per lineas reFas undiquag; ad 
centrum terre; & proinde non Cylindrum vel Columnan fieri, 
fed per Pyramidem, cujus vertex eft centrum terre, baſis pars 
ſuperficiei Atmoſphere. As if it were much material whether 
a body whoſe Baſis is ſcarce two Inches Diameter, and whoſe 
length amounts to ſome thouſands of Miles, be conſidered as 

a Cylinder or a Piramid. Certainly Stevirus and other 
learned Writers of the Hydroftaticks would ſcarce have made 
this an ObjeQtion, fince they ſcruple not to. make it a poſtu- 
latum, that all not very diſtant Perpendiculars be looked upon 
as paralle}, though they allow ſuch Perpendiculars would 
meet in the Centre of the Earth. What he adds partly in 

theſe words, Conatus ergo punGorum omninm ponder- 
Page 20. rtinm propagabitur ad ſuperficiemw Marmoris ſuperioris 
antequam poſſit propagarialterins (puta) ad terram, and partly 
in the following lines, to prove that the whole endeavour of 
the 
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the Pyramid that leans upon the-upper Marble is terminated 
there, and that there is no.endeavour-of the Atmoſphere a- 
gainſt the under-fuperficies of the Jowermolt Marblez This 
Ratiocination ſeems grounded, partly upon a Conceit of his” 
about the nature of Gravity, according to which I ſee not 
why any Body placd between the ſides of that Pyramid or 
rather Cone, whereof the upper-ſuperficies of the higher 
Marble is the Baſis,ſhould deſcend upon the account of gravi- 
ty;and partly from a miſtake of my Opinion:for I do no where, 
that I know of, ſpeak as if I thought this ſuſtentation of the 
lower Marble were performed by little Globules or other mi- 
nute bodies protruding oneanother directly towards the Cen- 
tre of the Earth, and rebounding from a perie&ly ſmooth 
ſuperficies; nor need I fay, that the lower ſtone is ſuſtained. 
by the preſſure of the ſelt-ſame pillar of the Atmoſpherethat 
is incumbent on the upper, ſince other parts of the Atmoſ-. 
phere, fome-on the one hand and ſome on the other, preſffing- 
obliquely upon the uneven ſurface of the Earth, may have 
their preſſure upward terminated againſt the lower lurface of 
the undermoſt Marble. And in the mentioned Hiſtory of 
Fluidity and Firmneſs, ſpeaking (pag. 187.) of the adheſion 
of flat Glaſſes, (and the reaſon is the ſame in our flat Marbles): 
I plainly deduce it from the preſſure of the fluid Air, which, 
like a liquor, diffufing it felf upon the ſarface of the Ter- 
reſtrial Globe, becauſe its deſcent is there reſiſted, does, like- 
water and other liquors, preſs almoſt equally every way, and: 
ſtrongly endeavour to thruſt away any body againſt which 
it can bear; fo that whereever the preſſure is taken off from. 
one part of a body and not fromthe oppofite, that body will: 
be preſt toward that part, whether it be dawnwards, or ſide- 
wards, or upwards, where that formerly-equal reſiſtance is. 
removed. And this Explication I- do in that Discourſe back 
with Conſiderations and Experiments, which Mr. Z7pbbs is 
not pleaſed to:take any notice of; wherefore I hold it not 
amiſs ro adde here two or three other experimen's to-one of 
thoſe mentioned there. Firſt: 
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* Firſt -then, 'an [vlipile being by heat: freed: from. Air 
as much'as you-can, if the little -hole at the extremity of the 
neck, -by which the Air gets in and out, be' preſently and 
carefully ſtopt with Wax, and afterwards ſuffer'd to cool, there 
will not be inthe Cavity of the /&-/ipile a reſiſtance any thing 
near equal to the preſſure of the outward Air. And there» 
fore if you perforate the Wax, that Air will violently be im- 
pell'd in at the unſtopt Orifice, whether the neck be held 
parallel or perpendicular to the Horizon, or in any other (i- 
tuation in reſpe& of the Centre of the Earth. And the like 
will-happen if'the /Eolipile be unſtopt under water. 
. : Next, relate in the mentioned Hiſtory, that having drawn 
ſome of the Air out of a large Glaſs with a narrow mouth, 
and thereby-deſtroyed the equality of force betwixt the 
weight of the outward Air, and the now weakned ſpring of 
the inward; I found that by immediately applying a-flat 
body to the Orifice of the Vefle}, that body-was readily lit: 
ted up and-ſuſtain'd in- the Air as-long as'l pleas'd,' though 
the weight of it exceeded 20. Ounces.' © : 
| Thirdly, I lately met with the relation of an Experiment 
which does abundantly- make out the power of: the ambient 
Atmoſphere to-preſfs-bodies againſt each other,- when it.can- 
not get between their internal ſurfaces”; For the ingenious 
Author of the Magdeburgick Experiment writes to the tndu(- 
trious Schottws, that having cauſed two Copper Plates to be 
made almoſt in the form of Scales a little above halt an Ell 
in Diameter, andexaGly congruous if laid upon one another; 
| Has (ayes our Jeſuite) ſt mutno ftbi-imponit, &5» 
atrem extrahit, adeo ab externi aeris gravitate 
compreſſe atq; unite tenentur, ut ſex viri robuſt; 
' easdivellere non pojſant. Yuod ſi tandem adhi- 
bito omni conatu divellantur,crepitum edunt ſclopeti aut Muſque- 
te exploſioni nor minorems quamprimmmueuero per claviculun 
ſen Epiſtontinm- apertum wel . mininmus. adit. laxatur atri, 
ſponte ſeparantur. s: > or O8 DD OP 7.4 
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And, Fourthly, if a Glaſs Vial (fuch as will be anon more 
fully deferib'd) have a Pipe open at both ends fo fitted into 
it, that no Air can get in or out betwixt the neck and it ; 
and if the Vial be ſo Br filled with water, that the lower end 


of the Pipe be well immerſed therein; if then you ſack at - 


the upper end of the Pipe, the water will aſcend to a good 
height 3 which argues its being forc'd upwards by the oblique 


preſſure of the Air in the Vial ; for 'tis onely in the Pipe 


and not-in the Vial that there is any Air m the ſame Perpen- 
dicular with the Water that is impell 'd up. ! 

But let us follow Mr. ZZobbs a little further. Having ask'd 
this Queſtion, Sed vis illa elaſtica quam in atre efſe dicunt, 
nihilne ad marmor ſuſtinendum conferre poteſs £ he | 
anſwers, Nzhl omnino; nouenim conatus in atreeſt 24s 26; St 
ullus ad centrun terre magis quam ad alind quoduis pun@Fun 
' Univerſi, Yuoniam enim gravia omnia tendunt a circumferen- 
tia Atmoſphere ad centrum terre, & inde rurſus ad circum- 
ferentiam Atmoſphere per eaſdem lineas reflexas, conatus ſur- 
ſum conatui deorſum equalis erit, & proinde mutuo ſe perimentes 
eutri conabuntur vis, But that the Spring of the Air may 
perform ſomewhat in the caſe propoſed, I hope the newly- 
mention'd Experiments have evincd. And the reaſon he 
annexes to his Negative, as alſo the difficult Example he ſub- 
joyns, of a man lying in the bottom of the Sea, ſeem rather 
oppos'd to the Weight than the Spring of the Air. But we 
have already both by Experiments and by his own Conceſli- 
- ons ſufficiently prov'd that the Air is not devoid of gravity; 
and that it likewiſe gravitates upon the terraqueous Globe, 
which in this page he ſeems to deny, we have proved by 
divers reaſons, and particularly in our 25. Experiment by 
the vaſt expanſion of Air under Water, when the preſſure 
of the incumbent Air was taken off tcom the Water. 

As for the Scheme he annexes, I conteſs I do not well fee 
what hedrives at in it; at leaſt if it be intended for a Confuta- 


tion of the Conjecure I have been defending : nor am I the 
k onely 
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onely perſon that complain of his writing often enough ob- 
ſcurely. And as far as we can judge by the concluſion couch'd 
in theſe words Nor poteſt ergo pars, BC. (which in the Ex- 
plication of the Scheme he calls, Pars Atmoſphere intra to- 
tam poſita ubicung; ) ( propter magnitudinem ) quantumvis gra- 
Vis fit deſcendere, neqs ergo premere ſroe gravitare; his No- 
tions about Gravity are ſomewhat ſtrange, and probably 
either-do- not concern us, or will be found repugnant to 
thoſe Experiments on which our Conjequre is grounded, 

' And as for what he adds, S7 poſſzbile eſſe negarery, 
ut diligentia & arte humani due ſuperficies corporum 
duorum inter ſe per omnia punGa ita accurate. congrue frant, 
ut ne minimo quidem corpuſculo creabili tranſitus' permittatur, 
2:01 video quomodo illi aut ſuam FHypotheſome tueri, aut negati- 
onem noſtram improbitatis arguere jure poſſent : I confeſs I do 
not ſee how this Argumentation proves any thing againſt the - 
Intereſt, -either of the Weight, or ſo much. as of the-Sprin 
of the Air in the coheſion of our Marbles. For, ouvided 
that the Corpuſcles of the Air get not in between the two 
ſtones, the preſſure of the Air may well ſuffice to keep them 
together. And, laſtly, as for that modeſt paſſage (that im- 
mediately precedes the. words newly recited) wherein he 
fayes, Otraqz illa phantaſia, tum gravitatis At- 
moſphere, tum vis Elaſtice ſive Antitupie atris, 
ſomnium erat. Siquidem autem illis concederetur eſſe aliquam 
in filiculis atris Antitupiam, queretq; aliquis, unde illa cur- 
vata quidem ſed quieſcentia moverentur rurſis ad reFitudinem, 
deberent illi, ſi Phyſici haberi-volunt, canſam ejwus aliquam poj- 
fcbilem aſſegnare : We have already given an account why we 
fotbore to aſfign a cauſe of the motion'of Reſtitutionz but 
methinks Mr. Hobbs might have, for the ſpeaking fo, choſen 
a fitter place than this, where he gives me ſo far an oppor- 
tunity to tell him again, that he ſhould, if he would be 
thought a Naturaliſt, have aſſigned fome cauſe of the Phe- 
10-4en0u about which he had all this while been deſputing : 
| which 
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which fince even he himſelf has declin'd to do, perhaps the 
Phenomenon will be thought ſomewhat difficult, and my at- 
tempt at diſcovering the cauſe of it will be at leaſt excuſed. 

But after having ſo long dwelt upon the conſideration of 
our Marbles, 1t 1s high time to proceed to what remains. _ 

In the 24. page Mr. Hobbs has that paſlage I formerly re- 
cited touching the Glaſ:-Fountains,. out of which water is 
thrown up by compreſs'd Air. But though I as well as others 
have made uſe of ſuch Fountains, invented by Vincenzo Vin- 
centi of Urbin, and was unſatisfied with the account he gives 
of their Phenomena; yet in regatd. ſome learned men, and 
particularly Dr. Ward, havealready examined his Explicati- 
on, and I am not obliged todo ſo; I ſhall onely take notice 
of what our Author objetts to prove that this Phenomenon 
cannot be ſolv'd by the Spring of the Air, in theſe words: 

B. Cur non poteſt aqua, que cum injiceretur parti- 
culas atris comprimebat, ab iiſdem particulis ſe expli- 
cantibus rurſus rejici? 

A. Qnuia locum explicate majorem non requirunt quan cont 
preſſe. Quemadmodum in vaſe aqua pleno, in qua eſſet mul- 
titudo augnillarum, anguillas ſive in ſe volutas ſyve explicatas 
iden ſemper capit locum. Propellere ergo aquam per vim Elaſti- 
cam, que alia non eft quam motus corporum ſe explicantinm, 
z0n poſſunt. 

B. Comparatio illa atris cum aqua anguillis plena, noſtris, 
credo, non diſplicebit. 

But the Elateriſts will anſwer, that neither can his earthly 
Atoms, to whom he aſcribes the Rejection of the water forc'd 
In, truly fill up more parts of ſpace at one time than at ano- 
- ther 3 and therefore the Objefion might have been ſpared : 
but indeed it reaches us not. For we, as Mr. Hobbs knows 
well, arenot wont to compare the Air to Eel-, but to Wooll : 
and though each hair thatmakesup acompreſs'd lock of wool], 
do not really fill more ſpace with wooll when extended than 


when crumpl'd ; yet when there is a congeries of theſe hairs 
= 3 com. 
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compreſs'd together, the whole fleece or congeries does by 
its ſpring endeavour to thruſt away thoſe contiguous bodies 
by which it is penn'd up, as I have more fully explained in 
my Epiſtle; ſo that theſe Aerial Corpuſcles, being pent up 
by the water forc'd into the Glaſ, ſtill endeavour to expand 
themſelves by throwing it out. 

What our Author addes in the ſame page, as if they were 
miſtaken that think the Experiments of the Pleniſts tended 
( eſpecially till of late) to prove that the generality of them 
did. not always mean by a Vacunm a ſpace perfetly devoid of 
all corporeal ſubſtance, but any ſpace here below that is not 
fill'd with aviſible body, or at leaſt with Air, (forthele aremy 
words to which 1 ſuppoſe Mr. Hobbs alludes) To this, I fay, 
it is ſcarce worth while to make anſwer, the Controverſie 
being of ſuch ſmall moment, (though I think I could eaſily 
enough do it)eſpecially ſince he rather excuſes thoſe that ma 
have negligently expreſt themſclves,than diſproves what I aid, 
And fince I ſpoke chiefly and by name of the Peripatetich 
Schools, he may well allow that their Expreſſions concerning 
this matter were not alwayes fo accurate, whilſt in this very 
paſſage he concludes with theſe words, Vides guam ineptum 

fit ad explicatianem effeFunm talium advocare verba 
age 25: "Metaphorica, ut fugam vacui, horrorem nature, e>c. 
quibus olim ad exiſtimationem ſuam tuendam nſe ſunt Scholes. 
Nor is what he adds concerning the Vacuum to be attributed 
to Democritzs and Epicurws either clear enough, or of con- 
cernment enough to our Diſpute, to be infilted on by us; 
eſpecially ſince | ſee not to what purpoſe he brings it in. 

But there are in this page two particulars, which, though 
they make little or nothing againſt what I (aid of the Plenifs 
may deſerve to be taken notice of, | 

The ſecond ( for I think it expedient todiſpatch that firſt) 
is couch'd in theſe words, 1» Hydriis perforatis ideo heret 

aqua, quia que per tantillum foramen exiturit, adeo 
exigua eſt, ut non poſſet ita in longitudinem ſe _ 
| ere, 
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dere, ut deſcendendo aditum atri faciat per foraminum cireum* 
ferentias 3 neqz, atr ab exennte aqua pulſus locun alium (in mun* 
do pleno ) habere poteſt preterquane quent aqua deſeret. 

But this Experiment I have already- examined as 'tis pro- 
pos'd in his Elements of Philoſophy; and: therefore I ſhall 
now onely ſay to the light variation TI find of it here, ' that 
the reaſon here aſſign'd why the water in Gardeners pots 
closd at the top does not deſcend, is not rightly aſtign'd, 
fince- (to omit other objections): by Monſieur Paſchal/'s Ex- 
periment it appears, that though in Pipesof no great length 
the water will not run out, yet if the Pipe be long enough, 
though the Orifice be no wider, the water will deſcend with- 
out giving paſſage tothe Air at the circumference of it. 

But the other particular here mentioned by Mr. Hobbs, 
who thus propoſes it, 2 per fiſtulam ore aquam ſugit, aerens 
medinm prins ſugit, quo diftentunm aerem externun 
remover; qui remotns locum (inpleno) habere niſt 
proximum removendo non poteſt, &- ſic continua pulſione aqua 
tandem pellitur in fiſtulam, ſucceditq;, aeri qui exugitur z de- 
ſerves a more particular conſideration. For this account of 
the aſcenfion of Liquors by ſuftion is not onely here given 
by Mr. Hobbs, but for the main by the learned Gafſendyus 
himſelf, and other Atomiſts, and is generally acquieſcd in 
by the modern Philoſophers; perhaps the rather, becauſe it 
ſeems not to eſtabliſh or overthrow a Vacuum. But though 
I ſhall not deny but that many Phenomena of Nature may 
be probably explicated by this Propagation-and return of © 
Motion 3 yet there are ſome Pheromena here below, which 
I fee not how the Carteſians, or the Atomiſts, or Mr. 
Hobbs can explicate without admitting the Spring of 
the Air, and which perhaps by the Spring of the Air 
may be explicated without the recurring -to ſuch a 
propagation and: return of impulſe. * Divers inſtances to 
this purpoſe I elſewhere conſider, but at preſent I ſhall 
propoſe onely one Experiment purpoſzly devisd-- to 

k 3 ſhew 
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ſhew that both Vacuiſts and Pleniſts ſhould admit an 
Elaſtical power in the Air. I took then a Glaſs-Veſlel 
conſiſting of two partsz the one was a Vial capable of con- 
taining about a pound of water, and the other a Pipe open 
at both ends; the lower of which reach'd within two Inches 
of the bottom of the Vial: this Pipe was by the Glaſs-man faſtn- 
cd into theneck of the Vial,not by any Cement, leſt, it ſhould 
be pretended that the Air might undiſcernedly get in or out, 
but with melted Glaſs of a good thickneſs: into this Vellel 
by the open Pipe I at length (for it is ſomewhat difficult ) 
pour'd water enough to ſwim a pretty way above the lower 
extreme of the pipe, and then often inclin'd the Vellel, to 
give a free intercourſe betwixt the Air within the Vial and 
that without it, that if the internal Air were compreſt by 
the affuſion of the water it might free it ſelf, as it readily 
did by aſcending in bubbles along the inclined Pipe, till the 
outward and inward Air were reducd to an equality of 
preſſure. Now if all Suction were produc'd by the preſſure 
of the Air, thruſt away by the dilated Cheſt of him that ſucks, 
and fo thruſting the water or other liquor into the Pipe at 
which he ſacks, it ſeems evident, in our cafe, that the water 
would not aſcend by ſuction: fince by the contrivance of 
the Veſſel, the Airthruſt away by himthat ſucks cannot at all 

come to bear or preſs upon the water. And yet, whether the 

Pipe were inclin'd or erected, the water did according to 

my expeQation eaſily enough aſcend, upon ſuQion, to the 

top of the Pipe, and ran over into my mouth. I ſay, eaſly 
enough, becauſe that though the Spring of the Air pent up in 
the Vial were able,upon the decreaſe of the preſſure of the ont- 
ward Air, occafion'd by. my ſucking, to impel] the water 
ſtrongly enough into the Pipe; yet, when a pretty quantity 
of water had been ſo impell'd up, the included Air gaining 
thereby more room toexpandit ſelf, its {pring was thereby ſo 
far weakned, that the water aſcended far leſs eaſily than in 


ordinary ſution. Theother circumſtances worth noting = 
| this 
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this Experiment belong not to this m_ and what has been 
delivered may, I hope, ſuffice for the pos 'tis alledg'd for. 
Onely one particular I ſhall here adde, by way of confirm- 
ation of what I faid touching the weakn'd Spring of the Air, 
and it is this; That partly to ſhew ſome, who yet embrace 
the Opinion of the Schools, that the aſcenfion of the water 
in the Pipe did not procecd from any fuch tendency in the 
water it {elf to aſcend for prevention of a Vacuum, and partly 
for other reaſons that concern not this place, I did carefully 
take out the water by degrecs, till the Jower end of the Pipe 
was but very little under the ſurface of the water, though in 
the cavity of the Pipe the water, asit uſually will be in Pipes 
that are not wide, was ai pretty deal higher: then ſuffering 
the Veſlel to reſt, and ſucking at the upper end of the Pipe, 
the water (as I foreſaw it would be) was impell'd up, yet 
without reaching near the top, till the furface of it was fallen 
a little below the bottom of the Pipe. But then, though I 
continu'd ſucking, no more water aſcended into the Pipe, but 
the Air paſling through it towards my mouth, did in its 
paſſage toſs up the water that was already in the Pipe, and 
turn it into bubbles, (of a ſtrong bigneſs when the cavity of 
the Pipe would permit itY which broke (not without noiſe) 
one after another; and thus the aſcending Air for a pretty 
while kept the water in the Pipe from falling back to that 
in the Vial. But when I removd my mouth, the Spring 
of the Air remaining in the Cavity of the Vial, being dcbi- 
litated by the receſs of the Air I had (as men are wont to 
ſpeak) ſuck'd out, it was not able to refiſt the-preſſnre of the 
outward Air, and accordingly the water in the Pipe was not 
onely depreſs'd into the Vial, but the outward Air forc'd its 
way in many bubbles, and not without fome noiſe, through 
the water contiguous to the bottom of the Pipe, till the 
preſſure of the included Air and that of the Atmoſphere 
were reduc'd to an cquality, $ 

But m the ſame 25. page our Author tclls us, that- the 
Society 
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Society he writes againſt would have the cauſe of Filtrati- 
on, and that of the paſſage of water through Siphons, 
to be the ſame. To which he annexes, this peremptory 
paſſage, Id vero impoſſibile eſt. Nam in Siphone niſi ambo 
crura aqui impleantur, aqua & pelvi non aſcendet. Aſcenſionis 
cauſa in pannum eſt motus ille terrearum atomorum que aque 
contigne ſunt, mot (inquam) circularis ſimplex, aeri in quo 
moventur communicatws 5 que atomi aquan ferientes in materi- 
an laneam incutinnt, incuſſe autem magis magiſq; madefaciunt, 
donec madida tota fit. Cum vero madida tota ſit, ec. Thus 
far he; but the paſſage in my Epiſtle, upon which he ſeems 
to have grounded his Oppoſition, is but this (wherewith I 
begin my 35. Experiment) Some learned Mathematicians (1 
meant the induſtrious Schotts and ſome Carteſtars Yhave of late 


ingeniouſly endeavoured to reduce Filtres to Siphons; _— 


the cauſe of the aſcenſion of water and other liquor both in Siphons 
and in Filtration needing (for ought we have yet found) 2 
clearer diſcovery and explication, we were deſirous to try, ec. 
So that neither did I aſcribe this redudtion ( of Filtres to 
Siphons)to a Society which was not thenin being,nor perhaps 
ſomuch as deſign'd ; nor did I adopt it my ſelf; but expreſfsd 
a deſire to have it further examin'd. But as for the cauſe 
of Filtration it ſelf, I may take a fitter opportunity to dif- 
courſe of itz in themean time I doubt whether the reaſon here 
allign'd by Mr. Z7obbs will not ſeem as well precarious, as the 
mots circularis ſimplex of earthly Atoms, whereon it is 
grounded. Nor does his Explication render a rcaſon. why 
Qnick(ſilver will notaſcend the 14. part as high in the Filtre, 
though in part immers'd into it, as water, nay, Will not 
reach ſo high where'cis contiguous to the Filtre, as where 
*tis not: nor why it ſhould begintoaſcend, fince, for ought 
he ſhewsto the contrary, the preſſure of the Air, even in the 
ſ:nſe he takes the Air, ought to be the ſame on that part of 
the Surface of the Liquor which is contiguous to the Filtre, 
and on any other part of the ſame Surface. To which 1 _ 

onely 


(73) 
onely adde,.that asreſolutely as Mr. Hobbs fayes'tis impoſlible 
for the water to aſcend out of the Veſlel into a Siphon, un- 
leſs both the legs be fill'd with that Liquor, he would pro- 
bably have ſpoken more warily, and diſtinguiſh'd betwixt 
Siphons, if he had been pleaſed to take notice of what relate 
in the-forementioned 35. Experiment,of a ſmall Glaſs- Siphon 
I devisd, whereof when the ſhorter leg was but dipp'd in wa- 
ter, the Liquor did preſently as it were of it ſelf run down 
the longer leg. Which Experiment, beſides other conſider- 
ations, may induce us to ſuſped that the nature of Siphons 
and of Filtration may not yet be ſo throughly underſtood, 
_ as not to deſerve a further enquiry. 

But to draw at length towards a Concluſion of our trou- 
bleſome Examer; it remains onely that take ſome notice 
of the general Corollary that Mr. ZZobbs is pleaſed to deduce 
from his whole Diſcourſe, of the Experiments exhibited 
in our Engine. | .2je; | | 

A. Fateris- ergo, (lays he) nihil haFenus 2 Col- 
legis tuis promotam eſſe ſcientiam cauſarun naturali- 
um, niſt quod unus eorum machinam invenerit qua motus exci- 
tari aeris poſſat talis, ut partes ſphere ſemnl a—_ tendant 
ad centrum, &» ut Hypotheſes Hobbianz, ante quidem ſatis 
probabiles, hinc reddantur- probabiliores, 

B, Nec fateri pudet; nam, Eſt aliquid prodire tenus, ſe 
non datur ultra. 

A. Quid tenus; Quorſum autem tantus apparatus &» ſumptus 
machinarum fan difficilium, ut eatenus tantum prodiretis 
quantum ante prodierat Hobbius? cur non inde potins incepiſtis 
ubi ille deſiit £ cur principiis ab eo poſitis non eſtis uſt? Cumgz 
Ariſtoteles reFe dixifſet, Ignorato motu ignorari naturam, quo- 
modo tantum in vos ſuſcipere onus auſt eſtis, ec. | 

As to what he ſayes to the dilparagement of the Aſlem- 
bly, and in his own praiſe, the laws I preſcribed my ſelfat 
the beginning of this Diſcourſe forbid me to reply to what 
is more likely, amongſtcivil and judicious Readers, to pre- 
Judice his own reputation than _— he 1s ſo diſpleaſed ye 

An 
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And as for that which he affigns to be the uſe of ourEngi ne, 
I ſhall very willingly leave it to the ingenious to judge what 
uſe may be made of it. But- as for this mentioned by 
Mr. Hobbs, 1f he means here, as he elſewhere teaches (pag. 
13. and 19.) that the Motion he ſpeaks of is produc'd by that 
of the Air impelld betwixt the ſides of the Sucker and the 
Cylinder ; perhaps it will be thought I have ſufficiently prov- 
ed, that 'tis not ay of its ufes, ſo far isit from being its 
chief or onely uſe. But I confeſs I lomewhat wonder Mr. Fobbs 
ſhould quarrel with me, (for 'cis I that in my Epiſtle em- 
ploy the following Verſe) for faying, 


Eft liquid prodire tenus, ſi non datur ultra. 


And this not, as ſome would perhaps ſufpet, becauſe I 
do not imitate him, in ſpeaking of my ſelf, as he does of 
himſelf, but becauſe he thinks the exprefhion too arrogant. 
For fince he here confeſſes that his Hypotheſos are by this 
Engine rendered more probable, ſome wilt perchance think 
that to be enough to entitle my Experiment to fome degree 
of uſefulneſs, unleſs Mr. Z7obbss Dodrine of the Air had 
found more embracers than before theſe ſeaſonable, though 
deſpiſed, Experiments it was obferved to have: But, fmce 
either of us may be partial in his own caſe, I am very well 
content to leave others tojudgeboth whether my Expreſſion 
have been guilty of Arrogance, and how much he has done 
more than prodire ters in all the paſt long Diſcourſe againſt 
me, when they have conſidered what new Experiment or 
matter of fa& Mr. Z7obbs has therein added to enrich the 
Hiſtory of Nature, what new Truths he has diſcovered, or 
what Errors (except one of his own in the laſt page) he has 
well confuted, Theſe things, I fay, Tam very well content 
to leave to be judged of by all dif-interefſed perſons, with- 
out being much diſcouraged by the differing ſtrain wherein 
Mr. Z7obbs thinks fit to ſpeak of his own performances and 
mine, or invited to imitate him in that way of writing, my 
Endeavours (ſuchas they are) having hitherto been favoured 
with 
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with ſuch a Reception among the Virtnoſi, that poilibly I 
may have almoſt as little need as reaſon to commend them. 

But 'tis ſomewhat troubleſome work to argue long with a 
man that's angry with an Expreſſion, which perhaps none 
but he would have found fault with for want of modeſty ; 
and therefore as 1 have left un-recited ſeveral provoking and 
very undeſerved Expreſſions he emploies 1n the ſame page, 
and even that paflage, where'to prove our Naturaliſts and 
Mathematicians profeſied they would not receive Truth com- 
ing from him, he alledges onely a ſaying (whether true or 
no [examine not) of Dr. Owez, who, beſides that his pro- 
feſlion was Divinity, not Philoſophy or Mathematicks, nei- 
ther is nor ever. was of our Society; as, I ſay, I have ( for. 
the reaſon newly intimated) declin'd taking notice of mat- 
ters of this nature. ſo I will not now ſtay to enquire why 
he urges us, whom he would have men take for Vacuiſts, 
with the Authority of Ariſtotle, whom on other occaſions 
| heis wont to uſe with as little reſpe& as if he were a Mem- 
ber of our Society. Nor ſhall 1 now examine, why here 
and elſewhere he ſends us to his own Writings for the Doc- 
trine of Motion, asif, to omit ancienter Authors, ſuch great 
Perſonages as Ga/ilzo, Merſenmns, Verulam, Des-Cartes,Gaſ- 
Mods, alum Foannes Marcus Marci, Honoratus Fabris, 
(not to mention other Moderns, nor-.thoſe of our own af- 
ſembly, as the eminently learned Sir Kerelme Digby, and 
the others, whom their Modeſty forbids me here to 
name) had not moſt of them'kearnedly, and ſome of them 
copioufly, written of Local ' Motion before Mr. Z7obbs's 
Books, where he treats of it, -came abroad into the Wotld. 
This, I ſay, I ſhall not infift on,” becauſe I would haſten to 
a Concluſion. Onely one thing Imuſt adde, that where- 
as he accuſes us of deviſing elaborate and ſumptuous Engines, 
Ido not fear to find ſomany Readers of his mind, that I need 
make them Excuſes for what /perhaps will obtain their Thanks, 
And whatever Mr. Hobbs may think, for my part I freely 


confeſs, that 1 love Truth fo well, that I do not think, no 
I 2 .  onely 
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onely my Pains and Charges, but even what I rate much 
bigher, my Time it ſelf, too much for the diſcovery of Truth ; 
or (that Mr. Hobbs may not think me partial) even for the 
eſtabliſhment of ſach Truths as, though diſcover'd by ſome, 
are yet as far more generally oppoſed than imbraced. 

T here remain yet ſome other pages of Mr. Hobbes. Dia- 
logue, whercinhe ſpeaks of Fire, and Cold, and Ice, and Light, 
and Colours, and Fluidity, and Hardneſs, and-Thicknets, and 
Ethicks, and Politicks, and the Duplication of the Cube, and 
the Quadratureof the Circle, and ſeveral other Subjets. But 
theſe | forbear to meddle with, not that I approve them all, 
or the greateſt part, but partly, becauſe. am too much tired 
already to be fond of engaging in Controverſies that I am not 
tyed to meddle with, (except what concerns Fluidity and 
Firmneſs, which I ſhall, God willing, examine by it {elf ;) 
partly, becauſe divers paſlages relate to Perſons, not Things : 
partly, becaufe I do not much fear that Mr. Hobbs will find e- 
very Reader ſo eafie and complaiſant as he makes his Acade- 
ian, who in many paſſages of the Dialogue ſpeaks not un- 
futably to what he does 1n the laſt page of it, where he ex- 
cepts but one particular (and that is neither the Duplication of 
the Cube, nor the Squaring of the Circle). when he tells Mr. 
Hobbs, Diſcedo jam multo (ut mihi videor ) quan ante certi- 
or, & que dixifti omnia teneo'& proboe< and partly, becauſe 
Mr. Hobbs has ſome things, as about Fire, and certain Col- 
ours, which I am not forward to rejeq, though the Confider- 
ations that incline me to ſome ſuch Opinions be perhaps very 
differing from the Grounds on-which he propoſes them. And, 
indeedas well my Nature as my Cuſtom forbids me to ſcruple 
to learn, if Ican, of Perſons much leſs famous than Mr. Hobbs. 
'Tis far from my humour to write againſt all that every man 
fayes, that (how. cauſleſly ſoever) writes againſt' me ; and 
Iamalmoſt as much indifpoſed to reje# as to embrace, with- 
out diſtiaQtion, whatever: it be. that this or that man teaches. 
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CHAP. VII. IT 
(Being an APPENDIX to the paſt Diſcourſe) 
Fherein is examind what Mr. Hobbs teaches COMCErning, 
 Fluidity and Firmneſs. 


; Lthough Mr. Hobbs do not name me for the Maintainer 
A of the Opinions which I have propoſed in the Hiſtory 
of Fluidity and Firmneſs, and which he cenſures: yet fince 
that Hiſtory, after having been mentioned in the Book I 
have hitherto been defending, was publiſhed a good while 
before-Mr. Hobbs's Dialogue; and: ſince ſome of the chief 
particulars he cenſuresor takes notice of, are delivered there, 
and ſome of them perchance no where elſe; I think it may 
concemn'me toexamine what he ſayes either againſt my Opini- 
ons, or in favour of his own, touching Fluidity and Firmneſs, 
Andif it be ſaid that he meant not his ObjeQons particularly 
againſt me, but rather againſt fome other perſon, who may 
have liked ſuch Opinions: I ſhall anſwer,. That T'amcontent 
to leave to others the defence of their: particular Opinions, 
and to haveas much of the following Diſcourſe as is concern- 
edin this Allegation, looked upon as written onely upon this 
ſuppoſition, that my writings are-thoſe he deſigns to oppoſe. 
But-therebeing other things in-what he diſcourſes about Flu- 
idity- and” Firmneſs, which for the reafons freſhly intimated 
I think fit here to conſider, I chuſe to gather up together 
the paſſages touching theſe ſubjets which I find ſcattered in 
his Dialogue, that I may have the better opportunity to clear 
up the matter it felf under debate. : 

But, before I go further, I muſt at the very entrance of 
this Diſcourſe take notice, that in the fifth page, where Mr. - 
Hobbs begins to diſpute againſt onr Notion of Fluidity, he 
very much miſtakes my Opinion,as may appear bythefe words, 
which he puts into- the mouth of his Academian, Sed 
pleriqs noſtrum naturam fluidam a non fiuida diſtingut- 
mus magnitudine partium ex quibus corpus aliquod conſtat,; & 
quaſi compingitur :' [taqy, non modo atrem; aquan &+ liquorum : 
I 3 Omnenm : 
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omnem, ſed etiam cinerem &» pulverem, tanquam fluida contem- 
plamur, Et fluida ex non fluidis compoſita eſſe poſſe non nega- 
mms; nan diviſubilitatem illam infinitam non concoquimus. To 
which he anſwers, Diviſio quidem infinita concipi non poteſt, 
diviſtbilitas autem facile. Evo contra, diſtinFionem non capio 
intra fluids & non fluida quam ſumitis 4 magnitudine partinm ; 
am ſt caperen, ruina illa ſyve rudera illa que jacent in Eccleſia 
Paulina mibi dicenda efſent fluida: ſin propter nimian lapidum 
magnitudinem fiuida illa eſſe negaveritis, defini mihi magnitu- 
dinem illam quam habens pars ruentis muri, propter eanz ſit 
dicenda fluids, Tu vero qui diviſbilitatem infinitan non ca- 
pis, dic mihi que tibi apparet cauſa, quare Deo omnipotenti 
difficilins eſſe putem creare corpus fluidum, -& cujus partes aFu 
diffluant, onmi data atomo minus, quam creare Oceanum, tag; 
deſperare me facis omnem conventus veſtri fruum, dicendo 
quod putant atrem, aquam, & cetera fluida conſtare ex nor 
fluidis, tanquam ſi murum, cujus ruentes lapides aliquounſq; diſc 
carrunt, dicerent eſſe fluidums. Si fic loquendum eſt, nihil 
201 eſt fluidums nan etianm marmor comminui poteſs in partes 
07m atomo Epicureana minores. Thus he. But in my Hiſtory, 
though I make the ſmalneſs of the parts whereof a body con- 
fiſts one of the requiſites to its being fluid; yet at the end 
of the 13. Section I call the various agitation of tho Par- 
ticles the principal qualification of all, and in the beginning 
of the 14. SeQion I call it the cheif condition of a fluid 

| body. And therefore he much miſtakes, if he 
pt Hobts de thinks that we alwayes conſider Aſhes and Duſt as 

"FP. 0427+ fluids abſolutely ſpeaking. But as he * ſomewhere 
tells ns, that by Fire he underſtands the combuſtible matter 
it (elf, not ſimply and alwayes, but then onely when, &c, 
So neither do I look upon the Duſt of Alabaſter, (to my 
words about which, I ſuppoſe, he has a reſpect in the paſ- 
Rage under confideration) as a fluid body fimply and alwayes; 
for I clearly teach the contrary, but onely when and 
whilſt its parts are not alone reduced to a competent ſmall- 


nes, but are alſo aually put into ſuch a various ogjucies as 
makes 
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makes the body they compoſe (even according to Mr. Hobbr's 
own Definition, which is, That Fluid bodies are 
thoſe whoſe parts may by very weak endeavour be Mr. Hobbs de 
ſeparated from one another ) emulate a fluid body A. = 
by the very eaſe Ceſlion of its component Corpul- 
cles, and by its boyling like a liquor. By this the Reader may 
diſcern how little that makes againſt me which Mr. Hobbs 
talks, and ſeems to do it ſeriouſly, of the Ruines of Pals; 
as if according to my Opinion, Rina ia ſive rudera que ja- 
cent in Eccleſia Paulina dicenda eſfſent fluida. For 'tis moſt 
evident that I require in the parts of a fluid body both minu- 
teneſs and fuch a motion along each other as makes them ea- 
ſfily yeild to the touch: which qualifications how well they 
belong to the ruines of Pazls, is, I think not very difficult 
to determine; though in the ſame paſſage Mr. Hobbs do again 
make uſe of the like example, to which he ſubjoyns. S7 ſc 
loquendum eſt, nihil non eft fluidum; which how little it 
follows from my Dodrine about Fluidity there needs not a 
quick-ſighted Reader to diſcern. As for the Reaſon he an- 
nexes in thefe woxds, Nam etiam marmor comminni poteſt in 


partes omni atomo Epicureana .minores; T would gladly know 


by what art Mr. Hobbs can divide Marble into Ieffer Parti- 
cles than fuch as are naturally indiviſible, (for ſuch Epicuras 
makes his Atoms tobe:) nor do I ſee how, in cafe this could 
be done, it proves, that there is not any thing that is not 
fluid. For I fay that the blocks of Marble before Com- 
minution are not fluid, either according to him or according 
to me; nay, the greateſt Comminution imaginable would 
not, according tomy DoQrine, make a lump of Marble fluid, 
unleſs the heap compoſed of the parts, how minute ſoever, 
were aqually and variouſlyſet a moving amongſt themſelves, 
But he would perhaps have ſpoken more warily, if he had 
conſidered the difference there is betwixt ſaying that all 
things are fluid, and ſaying, as I do, that there are many bodies 
that are now ſolid, which by Comminution, Motion, and 
other requiſite alterations, may be made parts of a fluid body : 
AS 
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As hard Ice may be turned into fluid Water, and Quick- 
ſilver precipitated per ſe into a red Powder, may be reduced 
to running Mercury. As for what he fayes of an infinite 
divifibility of body, it is ſcarce inthis place worth while to 
examine 1t, | 
For I have ſhewn in the Hiſtory of Firmneſs, that this Di- 
viſibility (which I had then confidered) does no way over- 
throw my Dodrine of Fluidity 3 nor does Mr. Hobbs here an- 
ſwer what I there diſcourſe. Beſides that indeed I donot fo well 
underſtand what he means and drives at, when he ſayes that 
Diviſio quidem infinita concipi non poteſt, Diviſibilitas autene 
facile, For fince in this very paſſage and within a very few 
lines he has recourſe in this matter to God's Omnipotence, I 
ſee not why an infinite diviſion cannot be as well conceived 
238 an infinite diviſibility, ſince ſure an Omnipotent Agent is 
able to do what is poſhble to be done; and why elſe ſhould 
a body be called infinitely diviſible? Belides,when Mr: Hobbs 
has recourſe to what God car do, (whoſe Omnipotence we 
have both great reaſon to acknowledge) it imports not to 
the Controverſie about Fluidity to determine what the Al- 
mighty Creator caz do, but what he actually has done. And, 
laſtly, whereasmy Adverſary requiresto have the magnitude 
defined which a part of a falling Wall ought to have todeſerve 
the name offluid; firſt,he ſhould haveclearly proved that Flu- 
idity belongs to any one ſingle part of matter how minute ſo- 
ever,and-not rather to an aggregate of Particles, And next I fay 
thoſe Corpuſcles that compoſe a fluid body may be of ſeveral 
ſizes, as thoſe of Water, Oyl, and Quickſilver, provided 
they be little enough to be put into the agitation requiſite 
to give the aggregate they make up the qualities that are 
wont to denominate bodies fluid ; and 'tis no more requiſite 
for me to define preciſely the magnitudes of the parts of a 
fluid body, than for Mr. Hobbs 1n his Definition above-re- 
cited to define ( which he will not eaſily. do.) what preciſe 
degree of endeavour muſt be ſignified by that very weaken- 
deavaur, by which if the parts of a body a ty 
| rom 
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from one another, he thinks fit to call them fluid, But though I 

thought 1t not amiſs to make theſe Animadverſions upon Mr. 

Hobbs's Ratiocination, yet as to the Opinion it ſelf, for whoſe ſake. 
he ſpeaks ſo ſeverely and ſodeſpairingly ofour Society,if it be con- 

ſidered as Iproposd it, he ſhews me as yet no cauſe at all to re- 

nounce it. For that which I taught is this, That if a folid body 

bereduc'd into parts minute enough, thoſe ſolid Corpuſcles, whilſt 

they are put into a convenient motion, #22y become parts of a 

fluid body. And againſt this Mr. Hobbs's indignation ſeems 

ſtronger than his Argument : For that which he objeQs being. as 

we have lately ſeen, that at this rate all bodies mult be fluid; 

'tis evident by what I have already argued, that he infers this 

 Abſurdity not from my Opinion, but his own miſtake of it: nor. 
did I content my ſelf with the proofleſs propoſal of my Conjec- 
ture, but I delivered in ſeveral parts of the often mentiond Hi- 
tory- particular Experiments to evince what I taught : As that 
a conliſtent coagulum of pure ſpirits of Urine and Wine may by 
bare digeſtion beturned into a permanent liquor and that the 
fluid body of Quickſilver may without any ſenſible addition be 
turned into a permanent dry Powder, and may again in a trice by 
bare heat be turned into alaſtingly fluid body. Whereto I added 
other Experiments, which together with theſe Mr. Hobbs would 
poſlibly have thought fit to anſwer, if he had found it eafie for 
him to do fo. 

After this paſſage extant in Mr. Z7obbs's fifth page that I have 
all this while been examining, I remember nothing in his Dia- 
logue that requires to be infiſted on about Fluidity and Firm- 
nels, till we come to the 29. page, where having asked what 
cauſe the Academians affign of Hardneſs, 'tis anſwered that ſome 
of them afſlign three: to which Mr. Hobbs ſo far agrees 
as to ſay, 2uin corpuſeula ( qualia ſunt atomi quas ſupponit 
Lucretius atqz etiamz Hobbius) jam ante dura facile poſſent ab ali- 
qua diftarum cauſaram compingi, ita ut totum ex illis facFum durun 
frat, dubitandum non eſt. But then he would have us aſlign the 
cauſe of that he calls durzm primmmm. But after ſome diſcourſe, 
wherein he is pleaſed to approve an Objedion of mine againſt 
ſome learned men that aſcribe all Coheſion of bodies to a 
m certain 
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certain Glue, he anſwers himſelf the ObjeQion he frames againſt 
my Dodrine about Hardneſs, and thereby allowed me to proceed 
to what he further preſſes in theſe words, Sz dura ex primis due 
ris fieri dicant, quare non & fiuida fieri putant ex primis 
ran a> fluidis® An creari fluida maxima potuere, ut ether, min- 
ima non potuere £ Yui Corpuſculum durum aut fluidum primus fecit, 
potnit , (i libuiſſet, illud feciſſe tum majus, thm minus quocungs 
| corpore dato. nod (i fluidnm fiat ex non fluids, ut vos dicitis, &9- 
durum ex duris tantumnonne ſequitur ex finidis primis neqz fiuidum 
feeri neqz durum? Bur againſt this pallage I have divers things 
torepreſent. For, firſt, (not now to mention that it may be que- 
ſtioned with what propriety one part of matter more than ano- 
ther may be called primum durum) he ſhould haye told us what 
he means by his primza fluida, and how he proves that there are 
any ſuch; which ſince he has not done, 'twilt be at leaſt as hard, 
for a con(idering man to acquieſce in his Queſtion as to anſwer it, 
For my part, I know no fluid body upon whole account, as of an 
Ingredient, all others are fluid. And, I think, 'cwill be hard for 
Mr. Hobbs to ſhew that Water, Quickſilver, and purely-rectifid: 
Chymical Oyles (to name now no other liquors) do conſiſt of 
ſuch fluida primaas he teaches, whereto they owe all their Flui- 
dity. And tis plain by ſeveral Experiments delivered in our Hiſ- 
tory, and even by the obvious changes of Water and Ice into 
one another, that 'tis the motion, reſt, and the texture of the 
Corpuſcles which compoſe a Body, that make it firm or fluid. 
As for what Mr. Hobbs demands, whether the ſmalleſt Fluids im- 
aginable could not as well have been created as the /Ether, it 
proves nothing againſt me, the Queſtion not being, what might 
have been _ =_ what is ſo. g —_ ſhould have anſwered 
hs .._ the Arguments I * alledge- to make it impro- 
dy = Soo and bable - a fluid body 4 as he would a 
CN. on, in his Book + De Corpore, alwayes diviſible 
7 Chap.1%: *24: into bodies equally fluid, as Quantity intoQuan- 
tities. Tis true, he there tells us that, though many others do 
not, He underſtands by Fluidity that which is made ſuch by Nature 
equally in every part of the fluid body, in ſuch manner as water ſeems 
fluid, and to divide it ſelf into parts perpetually fluid, But whe- 
| ther 
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ther others will take this for a clear Notion of Fluidity I think 
may well be doubted; and he ſhould not barely fay, but prove, 
(which, I think he will find hard to do) that the Corpulcles of 
water divide themſelves ſoas he teaches, fince we ſee, that not 
onely they cannot penetrate Glaſs, but are unable to be driven 
in at the Pores of more open bodies, which other liquors eaſily 
Pierce into. And, laſtly, as to Mr. Hobbss Queſtion, 2nod ſe flu- 
idum fiat &*c. *tiseaſle to foreſee what according to my Dodrine 
T may anſwer: For, not to mention that the Argumentation 
is invalid, unleſs by Flzidum he mean One fluidum, I reply, 
| That till he have explained what he means by his Fl/uida prima, 
and proved that there are ſuch, the Queſtion needs no Anſwer. 
Beſides that whatever he upon miſtakes ſtrives to infer, my 
Dodrine is ſo far from affirming that there are many parts of 
matter of which neither fluid nor hard bodies can be made, that 
Tteach, as we have lately ſeen, that there are multitudes of parts 
that may, by being reduced to a ſufficient ſmalneſs and put into 
a convenient motion, or by being brought to a mutual contact 
and reſt, be made to conſtitute either afluid body or a firm one: 
as may be exemplified 1n the formerly-mentioned inftancesof two 
ſubtile liquors that immediately compoſed a confiſtent body ; 
and of Quickſilver, which without additaments was made ſome- 
times a Powder, and ſometimes a liquor. What Mr. Hobbs 
addes in the next page about the difficulty of explain- | 
ing the Diaphaneity of Glaſs or Cryſtal, in caſe they Vage ZI. 
conſiſted of Corpuſcles hard and implicated, or having their 
Pores in any way whatſoever difjoyned, I muſt not now inſiſt 
on; fince beſides that ſuch a-diſquifition would require almoſt 
a Volume, the true and general cauſe of Tranſparency in bodies 
1; inmy poor Opinion one of the abſtruſeſt things in Natural Phy- 
loſophy 3 and Mr. Hobbs's Explication of it (though none of his 
worſt Conceits) has for ought I can find fallen ſhort of ſatisfying 
the Curious, as well as thoſe of other men have done. But to 
me, that have not taken upon me to write Elements of Phylo- 
ſophy,' it is enough that I have by competent Experiments and 
other Proofs confirm'd the truth of my Dofrine about the cauſe 
of Firmneſs; though I attempt not to explicate the other quali- 
| m 2 ties 
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ties of the ſame bodies, whoſe Explication my undertaking does 
not exatt, Wherefore I hope I may now haſten to conclude 
this Appendix, with ſpending a few words on the Notion of 
Fluidity and Firmneſs Mr. Hobbs would ſubſtitute inſtead of 
mine. For, having now (perhaps but too prolixly) exam- 
ined what he has been pleaſed to objec againſt my dodrine, I 
ſhall not need ſpend time to vindicate: the Experiments and 
Conſiderations whereon I built it, Mr. Hobbs, for reaſons beſt 
known to himſclf, not having thought fit to take notice of 
them. 

Mr. Z7obbs's Theory of Fluidity and Firmneſs 1s thus deliver. 
ed by himſe)t; 

B. Quenam duri & fluidi ſunt principia 2 

Page 3% A. Onid alind niſt fluidi quidem, Quies, duri autem, 
Motus quidam ad illum effeFum producendum idonens ? Per Quie- 
tem intelligo duaram partium inter ſe quietem cum ſe mutuo tangunt 
quidem, ſed non premunt : Nam e> fluida moveri tota poſſunt reten- 
ta fluiditate, & dura quieſcere, ut tamen partes eorum moveantur, 

I doubt not but this will to moſt Readers ſeem a Paradox. And 
as for his Ratiocination contain'd in the two laſt lines, I ſhall readi- 
ly allow him that F/uida movert tota poſſunt retenta fluiditate,ſince 
that I think agrees at leaſt as well with my Hypotbeſis as his: but 
whereas he adds that hard bodies may reſt, and yet their parts 
be moved, that may in one caſe be conceived, and in another 
not. For indeed the implicated parts of a firm body may be made 
to tremble or a little vibrate as it were to and fro, as thoſe of a 
ſounding Belldo, or as in-a Hedgethe branches and twigs may be 
ſhaken by the wind, whilſt the trees and buſhes themſelves conti- 
nue rooted in the ground. But that in a body the conſtituent 
Corpuſcles ſhould all or moſt of them be moved quite out of 
their places in reſpe& of one another, as was lately ſhewn to 
happen in fluids, and yet the body continue hard, is more 
requiſite than caſte to be proved. | 

But. Mr. Hobbs contents himſelf to alledge in favour of his 
ſtrange Notion touching Fluidity and Firmneſs three particulars, 
which, I confeſs, afford me not the leaſt ſatisfation. 

The firſt is drawn from what he formerly taught touching — 

ſwift 
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ſwift motion of the Air in our Cylinder; which example (as he 
calls it) having repeated, he adds, Atqz hinc manifeſtum 
eſt vehementem eſſe in atre ita-moto & clauſo _——_ 
uantam ſcilicet efficere poteſt vis illa qua incuſſms erat, atqz etian 
2 tanta compreſſione aliquem gradum conſiſtentie fieri, quanquant 
conſiſtentia aque minorem. nod ſi efſet in iiſdem particulis atris 
omnibus, preter motum illum quo alters alteram premit, motus ille 
circulars ſimplex, iſqz ſatis vehemens, impoſſibile fere efſet unan 
earum 4 ſuo circello dimoveri, quin reliquis particulis reſiſtentibus, 
totus ſimul premeretur, ideſt, totum durum eſſet : durumenimeſt 
totumillud,cujus nulla cedit pars nift cedente toto. Vides ergopoſſe fiers 
duritiem in fluidiſſumo atre per motum hunc circularem ſimplicen 

particularem, quibus duo motus contrarii ante dederant vertiginem. 
But, I conſeks I do'not ſee how the Motns circularis ſimplex 
he talks of ſhould give ſuch a hardneſs to the fluid Air: nor is 
it manifeſt to me how the Air that perfeGly fills the Cylinder can 
be by motion compreſs d,.. eſpecially ſo far as.to obtain thereby 
a degree of conſiſtence fit to be mentioned, as he ſpeaks of it, 
when (without adding the word #2#ch, or any other equivalent 
term) he ſayes that yet 'tis /e/s thax the conſiſtence of water.. For 
the Cylinder being, according to him, perfeQly full of Air, I ſee 
not how thePumping can make the Cavity (to uſe his own ex- 
preffion elſewhere) fuer than full; nor conſequently can com- 
preſs the Air to a conſiſtence any thing near that of water, with- 
out penetration of Dimenſions. But theſe. things were menti- 
oned onely ex abundanti, for the violent motion it ſelf of the Air 
in the Cylinder ( which motion the Argument ſuppoſes ) has 
beenalready,in theExamen of one of the former paſlages of his 

Dialogue, ſufficiently manifeſted to be contrary to Experience. 
The'fecond thing Mr. Z7obbs alledges is his Conceit of the Ge- 
neration of Fleſh within the Muſcles of the humane body. 
But beſides that he takes for granted two or three things which: 
many learned Anatomiſts and Phyficians, even among the Mo- 
derns, will ſcarce allow him, and which he does not prove:: be- 
ſides this, I ſay, (which. I may elſewhere have occaſion to con- 
fider further ) the account he gives of the Generation of Fleſh; 


from theſe ſuppoſitions, is far from being evidently enough de- 
| ' m 3 duc'd 
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duc'd to vie for clearneſs with many of thoſe Experiments which 
I have alledged in favour of the Opinion he oppoſes. And 
' Whereas he adds, Atq; talis quidem eſſe poteſt cauſa effi- 
ciens Duri primi, Duri autem ſecundi, id eſt, Duri a co- 
hzſfione durorum primorum, cauſa poteſt eſſe motus ille idem Circu- 
laris ſimplex conjun@us cum contaQu eorundem ſuper ficiali, vel eti- 
am intricatione : Not again to ſay any thing to his drum. primnm, 
I confeſs I do not ſee how the m29tw# circnlaris ſimplex ſhould need 
tobe ſuperadded tothe ContaCt or Intrication ofthe cohering firm 
Corpuſlcles,to procurea Cohefion,to which'tis needleſs, andwhich 
in divers caſes may be rather hindered than furthered by it. 
The third thing that 'Mr. Hobbs alledges s' not fo much a 
confirmation of his own Do&rine, as an ObjeMion,' as he:ſeems 
to think, againſtthat of his Adverſaries. For, Si ſup- 
ponamm (ayes he preſently after his laſt-recited words) 
cum illis, duritiei cauſam eſſe magnitudinem ant craſſutiem parti- 
um, quan rationen reddere poterimws, cur durior vel firmior ſit aqua 
congelata, quam eſt eadem aqua ante congelationem © But itmay 
ealily be replyed, That we make not the bigneſs or groſneſs 
of the parts of a body the onely or chief cauſe of its hardneſs, 
but their reſt by one another, which the parts of frozen water 
have; whereas thoſe of unfrozen water have/it not, butare'in 
a ſtate of Flaidity, and confequeritly not of Firmnefs. - Which 
[> © -may be1lluftrated by what 1* elſewhere relate of 
wy 1 bona pure Oyle of Aniſeeds, and a ſubſtance 1 diſtilled 
=F ob" hd and out of Benz0in, both which bodies were ſometimes 
fluid and ſometimes conſiſtent, as the greater or 
leſſer warmth of the' Air kept their -patts in a due motion-or 
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But in exchange of theſe few & unconcluding arguments, which 
are all that Mr. Hobbs alledges to countenance his Paradox, how 
many Experiments and Reaſons mightwe tranſcribe out of our Hil 
tory of Fluidity and Firnneſs in favour of the'contrary Fruth.? 
And as' Critical as Mr. Hobbs appearsinlaying:down the: re- 
quilitxs ofa good Hypothefs,- I muſt make bold to'the two con- 
ditions he mentions (pag. 11.) Ut ſit conteptibilis (ideſt, non ab- 
ſurda ) (which whether it be enough Inow diſpute not) e& Ut ab 
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ea conceſſa inferri poſſit Phenomeni neceſſitas, to adde a third, 
namely, That it be not inconſiſtent with any other Truth or Phe- 
n0menon of Nature. Which third condition whether divers of 
Mr. Hobbs's Hypotheſes (which himſelf in this place calls miran- 
dz) do not want, we have in parta]Jready conſidered in the Trea- 
tiſe to which this is an Appendix; and (as I newly intimated) I 
might further ſhew as to his Notion of Fluidity and Firmnefs, if 
I would here repeat all the Experiments mentioned in my Hi- 
ſtory of them, though they be not all that I have made ready to 
the fame purpoſe againſt another opportunity : but partly weari- 
neſs, and partly a natural unwillingneſs to repeat, induces me ra- 
ther to refer my Reader thither. Which when I do, I do not 
forget that Mr. Hobbs appears offended at me and others for 
troubling our ſelves to ,make un-obvious Experiments. But 
that I may not repeat what in divers Treatiſes I repreſent con- 
cerning the Uſefulneſs of ſuch Experiments, I ſhall now onely 
oppoſeto the Authority of Mr. Z7obbs in this Dialogue, wherein he 
has been pleaſed to chuſe thoſe he calls the Experimentarian Phi- 
loſophers for his Adverlſaries,. the Authority. and Reaſon of the 
fame Mr. Hobbs in another Dialogue (publiſhed but the year be- 
fore) where one of his two Diſcourſers having ſaid, 2»; corpora 
corporibus admovendo, nova & mirabilia oſtendunt Na- |, . 
ture opera, mirum in modum incendunt animos  homi- Pe amdnaie 
num amore Philoſophie, & ad cauſas inveſtigandas non Emendatione, 
parum inſtigant, eoqz nomine laude digni ſunt : the RT Ears 
other confirmsit by adding, Ita eſt ; marr hiſtoriam Naturalem( (i- 
' equa ſcientia Nateralis f ps queritur ) locupletant, And how- 
ſoever Mr. Hobbs needed not have recourſe to ſuch-Experiment; 
as he would be thought to diſapprove, (I meaniElaborate ones) 
to diſcern that his Notions do not over-well agree with the Phe: 
2omena. For, if there be not a various motion in the ſmall parts 
of Water and ſuch liquors, whence is it that a lump of common 
Salt being thrown into a pot of water is there difſolved-into mi- 
nute bodies, whereot many are carried to the very top of the wa- 
ter, and are ſo exquiſitely diffuſed and mingled with the liquor; 
that each leaſt drop of it contains numbers of Salin= Corpulcles ? 
And if motion be the cauferather of hardneſs than fluidity, how 
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comes it to paſs that in froſty weather Ice is by heat (which 
Mr. Zobbs will not deny to be motion, oran effec of it) turned 
from a hard to a fluid body? And that Metals, as Gold and Sil- 
ver, &c. whilſt they are either cold, or expoſed but to a mode- 
rate heat are firm and conſiſtent bodies; and by a violent heat, 
which does manifeſtly give their parts a various and vehement 
agitation, (as appears by their ſudden diſſipating of Spittle, 
Greace, and far more ſtable bodies, caſt uponthem, into ſmoak) 
are put into a fluidity, which upon their removal from the fire 
they quickly exchange for firmneſs ? 

But ſincethe want of more to ſay would not in haſte puta Pe- 
_ riodto this Diſcourſe, I am content to letmy Haſte break it off ; 
eſpecially finceafter I have thusexamined what Mr. Z7obbs teaches 
concerning Fluidity and Firmneſs,cither here,or in that Section of 
his Elements where he pretends to define them, I think I need 
not fear that a Docrine which I have perhaps with ſome care 
endeavoured to eſtabliſh, for the main, upon Experiments, ſhould 
be overthrown by Opinions whoſe grounds are but fuch as we 
have already ſeen; and inpleading for which the Authors plea- 
ſed not onely to leave almoſt all my Arguments untouch'd, but 
not ſo much as to offer at explicating by his Principles any of 
thoſenumerous and importarit Phenomena of Fluidity and Firm- 
neſs.delivered in the Treatiſe he oppoſes. | | 

And now leaving Mr. Hobbs to apply my ſelf to the Reader, I 
have to the things hitherto diſcourſt but this one' thing to adde 
concerning them, That as little cauſe as Mr. Hobbs has hitherto 
given me to diſtruſt what I have written of Fluidity and Firm- 
neſs; yet am not now moreconfident of my Conjequres than 
I was, when toward the end of the Preface to the Hiſtory of 
theſe two Qualities I ſpoke diffidently enough of the Theorical 
part of that Treatiſe. And I freely confeſs, that the great diffi- 
culty of things, and the little abilitics I find my ſelf furniſht with 
to ſurmount it, do often in general beget in me a great diſtruſt 
even of things whereof my Adverſaries ObjeQions give me 
Not 47y. 
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P41 I2. | Soi wam' vis, &6, Although the force. of that motion 
in the — Receiver be diminiſhed,/ being oppreſt by the.con- 
fiſtence of the Air moved within, yet-it is not-extinguiſhed:-and there- 


fore that oppreſſion being taken off will have ſirengetvenoughto excite & 


an appearance of light, though ſomewhat weaker han ordinary. 

P. 13, I4. Sine, &c. Without which 'Hypotheſis- let never 'fo muck 
labour, art, coſt be beſtowed for the finding out of the. inviſible cauſes 
of natural things, all will be in vain. - 

P-_15. Cum ejus, &c, Secing almoſt all jes parts are fexil, like lictle 
ſoft feathers to fine threds. - 

Ibid. Sed guifquis, &-c. But it matters not who was theAuthordf chat 
Suppoſition, For the very Hypotheſis it ſelf, wherein is ſuppoſed a motion of 
ſubtil matter, which is ſwift without any cauſe aſi gned;and hath moreover 
divers innumerable circulations of Corpulcles generated from the ſingle 
motion of that matter, is not the-conceipt of a man'of wit or fenfe. 

p. 16, Nempe hoe, &c, This is the thing that the great Des-Cartes 
ſomewhere admired, that he, whether his Poſitions are true or falſe, doth 
never in ar amentation make any right inference from his Suppoſitions. 

P- 17. Bud ſane, ec, Which is indeed a moſt evident argument 
of the weight of the Air. 

Tbid. 20d quidem lanx, cc. That: the Scale in. which the Bladder 
is, is more depreſt than. the other, they may be. certain, their eyes bear- 
ing them witneſs; but that-this comes from the natural gravity of the 
Ait' he cannot 'be affured'3- efpecially It- they are ignorant what is the 
_ efficient cauſe of Gravity,” 

P. 18, Luod veſica, ec," That- the Bladder,. whether i it be blown up 
with a pair of Bellows, or with the:bweath of ones month, is heavier 
than when it is not blown up; I wilt:abtdeny;3becaufe of :the greater 
quantity of Atoms fromthe. Bellows, or.of: tuliginous,; Corpuſcles that 
are blown in from the breath; But notwithſtanding they gather nothing 
of ſufficient certainty from this Experiment of a blown Bladder, They 
ought to have put into the Scales two Veſſels of equal weight, whereof 
one-ſhould be ſhut and the other open : For by this means Air notblown 
in, but onely incloſed, had been weighed. When therefore you ſhall 
ſe Air —_— ed, we will afterwards conſider what may be laid con- 
cerning the Phenomenon you bring, 
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. PÞ. 19. Quod Atmoſphere, ec. That many Particles both of Earth 
and Water mingled with the Ethereal body are in the Atmoſphere, Iam 
eaſily perſuaded : but that in the middle of the Zber they ſhould move ' 
upwards, downwards, every way, and that one leaning on.the back of 
another they ſhould not gravitate, is a thing utterly unconceivable, 

P. 20. Aer quo, &c. The Air, with which inthe beginning the Sphe- 
rical Glafs was full, being moved by thoſe Earthy Corpuſcles in a ſimple 
circular motion, «and being, compreſt hy the force of the InjeRion, that of 
it which is pure (penetrating the injected Water) gets out into the open 
_ Air, and-gives place to the:'Water, It follows therefore that thoſe ear- 
thy Corpuſcles have leſs place lefe, in which they can exerciſe their naty- 
ral motion : therefore beating one upon another they force the water to 
g9:out 3 [it thus going out; the'external Air {becauſe the Uniyerſe is 
ſuppoſed to be full) penetrates it, and ſucceſſively takes up the place of 
the! Air that/goes out, until the Corpulcles, the ſame quantity of Air 
being reftored, regain a liberty natural to their motion. 

" P- 21, Quottiam, per, &c. Becauſe by thedrawing back of the Sucker 
the pure Air was thruſt in; but the earthy parts were not thruſt in; there 
was a greater proportion of earthy Particles, which without, the Cylin- 
der were near the Sucker, unto the pure Air, in which they exerciſed 
their motion as well after this revulſion as before. Wherefore theſe Par- 
ticles fo moved having leſs place to exerciſe their natural motion in, ſome 
of them fell foul and beat upon the reft. So that of neceſſity the Particles 
that were near the ſurface of the Sucker muſt driye it upwards. 

Ibid. Vidifii, ec. You ſtenow that the Spring of the Air, which they 
fuppoſe, is either an impoſſible thing: or they- muſt (tor its defence) 
have recourſe tothe Hypotheſis of Mx: Hobbs, _ ,.. - | 

P. 23. Dria cuticula omnis ge, Becauſe every skin is made up of ſmall 
threds or filaments, which by reaſon of their figures cannot accurately 
touch in all points... The Bladder therefore, being a skin muſt be per- 
_ vious not onehy-to *Air but to Water alſo, as to [weat: Therefore of the 
Air beat in by force there is/ the ſame compreſſion within the Bladder that 
there is without. The: endeavour of which,;the way of .its motions 
being every way croſs, 'tends every-way to the concave: feeperficies-of the 
Bladder. Wherefore it is of neceſſity that it muſt (well every way,-and 
the vehemency of the endeavour increaſing, be torn at lalt. 

P. 26. Intellexti, ec. Have you underfiood my Hypotheſes? 1, That 
there are with the Air iiterſperſi many earthy Particles, endued with a 
fimple circular motion, congenite-to its nature. 2. That there is a greater 
quantity of theſe Particles in the Air that is: near the Earth, than in that 
which is more remote from it, P» 27: 


({9.); 


p. 27. Neg; of.” Nor iy there any b3je that diitherto has brought 
any reaſon why it: may nb beo. \'; -/': - | | 


= 


Þ. 29. Nibil, 60. Nothing is moved but by-a-coritiguous Body that 
is in motion.'' HO": #8 Hh 7 bk p Wha 31.4 

- Ibid. Dum Swuitor, eve. While: the Sucker is drawn back, by how 
much a greater 'place' is-left (withis,)-by'ſo much a leffer place is left to 


the external Air, which /btjog thruſt backwards by the: motion of the 


Sucker towards the outmoft parts,. doth: move; in like:manner the Air 


that is next it (elf, and that Air the riext, and fo. forwards 3. fo that it * 


is of neceſſity at laſt that the Air:muli he compell'd into the ſpace deſerted 
by the Sucker, and to enter between the convex. and ſarface of the 
Sucker, and the coricave of ithe Cylinder For it being ſuppoſed that 
the parts of the Air arc infinitely'ſubtil, it is impoſſible but they ſhould 
infinuate themſelves that way by which:the Sucker is drawn down. For 
firſt, the contaR of thoſe ſurfaces cannot be petfe in all points, becauſe 
the ſurfaces themſelves cannot be made infinitely ſmooth. Then, that 
force which is applied to draw back the Sucker, doth diſtend in ſome 
meaſure the cavity of 'the-Cylinder..' Laftly, if in the confines of (that 
is, betwixt) the two ſurfaces any one! fingle hard. Atom ſhould: enter, 
pure Air will'enter at the fame way, although with a weak endeavour. 


I might alſo have accounted that Air which for the ſame cauſe infinuates 


it ſelf through the Valve of the Cylinder. You ſee therefore the conſe- 
quence from the retraQ&ion of the Sucker, to the being of an Empty place 
is taken away. . It will follow alſo that the Air which is driven up into 
the place deſerted! by 'the' Sucker, becauſe it is driven up thither by a 
great force, 1s moved with. a very ſwift and: circular motion betwizt 
the top and the bbttom in the Cylinder, becauſe there is nothing there 
that can-weaken its motion : and you know that there is nothing that 
can give motion to its own ſelf, or diminiſh it. 

Pp. 39. Herent hie, &c. Here our men are at a ſtand: How will you 
expedite this difficulty ? 

A. T have deift already : For the Air being beaten back by the re- 
traQion of the Siicker, and-finding no- place in the world (which we 
ſuppoſe to be full) where it might difpofe' it (elf, befides that which by 


driving out other bodies from their places it may make for it felf, is by 


perpetual pulſion at length forced in the Cylinder with Go great ſwiftnels, 
between the concave ſurface of the Cylinder and the convex ſurface of the 
Sucker, as may anſwer that ftore 'of power which you found-necefſary 
to the drawitig back of the Sucker... Now the Air, with what ſwiftnels 
it enters, retains the ſane within,' and:then diſtends every way the fides 
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of the Braſs Cylinder, which is (of is ſelf ) 'Elaftical. Therefore the 
Air in the Cylinder being vehemently - moved, endeavours: or thruſts, 
againſt all parts of the: concave ſurface of the Cylinder; but in vain, 
untill the Sucker, is drawn back: But as ſoon as the Sucker having 
ſlipt the hand, ceaſes to make its impulſe upon the Air, that Air 
which was before driven in, by reaſon of . its endeavour againſt every 
point of the internal ſ#perficies of the Cylinder and of the Elaftical 
force of the Air, will infinuate it elf between the ſame ſurfaces with 
" the ſame ſwiftneſs as that by which -it was impell'd, that is, with that 
velocity which anſwers the firength of the Impulliogg If therefore 
ſo great a power of Weight be hung upon the Sucker as may anſwer 


- . the powerof the hands by which it was impul(s'd 3 the (wiftneſs with 


which the ſame Air goes out of the:Cylinder, finding no place in the 
world (which is full) where to: diſpoſe it felf,- will again impell the 
Sucker to the top of the Cylinder, for the ſame reaſon that the Sucker a 
little before made an impulſe upon the Air. 

P- 44. In vas, ec, B, We poured water into an open Veſſe], we pla- 

ced in the water a long, fireight, ſlender Tubez and we obſerved that 
the water did aſcend from the Veſſel underneath into the ereted-Fube. 
. 4. No wonder: For the. ſmall Particles that are interſpers'd in the 
Air near the Water, did by their motion beat upon the ſurface of the 
Water, fo that the Water muſt of neceſſity aſcend into the Pipe, and that 
ſenſibly into a Pipe that was ſo exceeding lender. 

P. 45+ Siquis, &-c. If any one after the frequently-repeated impulſe 
and retraQtion of the Sucker, endeavour to draw out the Stopple of the 
upper Orifice of the Receiver, he ſhall find it gravitates very much, as if 
a weight of many pounds hung upon it. Whence comes this ? 

4. From a ſtrong circular endeavour of 'the Air within the Receiver, 
made by the violent ingreſs of the Air between the convex ſurface of 
the Sucker and the concave of the Cylinder, procured by the repeated 
impulſe and revulſion of the Sucker, which you improperly call the 
Exſucion of the Air. For by reaſon of the fullneſs of Nature the Stopple 

cannot be drawn out, but the Air that is in the Receiver (contiguous to 
the Stopple)muſt be drawn out too: which Air,if it were fettled and at reſt, 
the Stopple would eafily be drawn out 3 but whiles that doesmoſt ſwiftly 
circulate, it comes out very hardly,that is, it ſeems to be very heavy. 

: B, Very likely : For as ſoon as freſh Air is by degrees let intothe Re- 
ceiver, it likewiſe by degrees loſes this ſeeming gravity. -— . - ; - 

P.. 47. Vidimus,c-c. We ſaw alſo water, being let, down into the Re- 
ceiver after ſome returns of the niotion of the Sucker, to bubble fo as if 
it had boiled over a fire. <- .. | A, This 
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A. This likewiſe happens, as we ſpake, by reaſon: of the (wiftne(s of 
| the circulating Air:. unleſs perhaps you find the water hot too whiles it 
bubbles. For if we were ſure it was hot, we muſt find out ſome other 
cauſe of the Phenomenon. 

B. We are certain it is not ſenſibly hot. | 
A. In what therefore can-the greater or leſſer motion of the Atmos» 
ſphere promote ſuch a motion as this ? 

B. I ſuppoſe they do not attribute this motion to the Atmoſphere, 

P. 49. 4. It is manifeſt from this Experiment, that the Receiver is 
not made empty by this exſuQion of Air, as you call it: For the water 
could not be moved but by ſome contiguous mover, that was it ſelf in 
motian. Therefore this Phenomenon ſeems to contain no weak demon- 
ſtration of my. Hypotheſes. 

' P: 50. Beſides, tell me, could you fee the water bubbling in that 
manner ? 

B, What elſe ? 

- 4. Do not your Aſſociates grant that Vition is made by a continued 
aQion from the obje& unto the eye? Do they not alſo think aQRion to be 
motion, and all motion to be of ſorne body ? How therefore could the 
motion be derived from the object, the water, unto your.eyes through a 
Vacunm, that is ſomewhat. that is not a body ? 

B. Our friends do -not-affirm the Recipient to beſo empty that no Air. 
at all is left. | 

A. No matter whether the Receiver be wholly, or for the greater part 
empty 3 for which ever you ſuppoſe, the derivation of the motion from 
the objec to the eye will be intercepted. 

B, It may be ſo; I can't tell what to anſwer. 

Pp. 51. Credin? tu, ec. Doyou think theſe Animals were therefore fo 
quickly killed becauſe they wanted Air ? How then do. they. who make 
a trade of Diving live under water, of whom there be ſome who being 
accuſtomed from their childhood have wanted Air a whole. hour ? No. 
Thatmoft vehement motion by which Bladders ſhut therein are diſtended 
and broken, kills theſe Animals ſhut up, in the Receiver. 

Ibid. Ego contra, &-c. Ion the contrary think that neither the Air 
can be ſuck'd out, nor that the Animal would fo ſoon dye if it were ſuck'd 
out. The action indeed to which this death is a conſequent may ſeem 
either a certain ſuction (and fo, that the Animal is kill'd by the exſuQtion 
of the included Air, its Reſpization being taken away) or a compulſion 
of the Air from all parts towards the Centre of the ſpherical Glaſs in 


which the Animal is incloſed, and ſo may be ſeen to dye fiifled by the 
; | n 3 renacity 
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tenacity of the compreſs'd Air, as it were, with :Water3' the Air more 
tenacjotis than uſual, being drawn 'intothe' inwards of the Laings, and 
there between the Pulmonary Artery and Vein ſtopping the courſe of 
the blood. Met | TE 

P. 53. Placet, &+c. Your Hypotheſis pleaſes me better than that of the 
Spring of the Air : For from its truth depends the truth of a Vacuum or a 
Plenum; but from the truth of that nothing follows on either part of 
the Queſtion. The make of the Air (ayes he) is like that of compreſ 
wooll. Well; wooll is made of hairs or threds. Right; but of what 
figure? if of a Parallelopipedon, there can be no compreſſion of parts : 
if not of a Parallelopipedon, there will be betwixt the hairs certain ſpaces 
lefe, which if they be empty they ſuppoſe ſome place empty, to prove 
that a Vacauxm is poſſible; if full, they ſay that is full which they ſup- 
pole to be empty. [-#: i . 

P. 56. Faere, cc. There were ſome of them that ſaid there temained 
in thoſe coals (though they ſeem'd extinguiſh'd) ſome fiery Particles, 
which being blow*d up by the Air upon its admiſſion did re-kindle the 

"reſt of the mals. | 45 at -' 

Ibid. Ne, &e. In good faith they ſeem not fo much as to have confi- 
dered what they ſhould ſpeak, as to have taken it upat all'adventures. 
Do you believe that in a kindled coal, there is any part which is not a 
coal but fire; or in a red-hot Iron there is any part that is not Iron but 
Fire? A great City may be ſet on fire by one ſpark: Now if the body 
of fire be different trom the thing fired, there can be no more parts of 
fire in the whole Town on fire than that one ſpark. We ſee bodies 
of divers kinds may be ſet on fire by the light of the Sun, as well by the 
RefraGtion as the Reflexion that is made in Burning-glafles. And yet 
I do not believe that there is any man thinks that Particles of fire darted 

"from the Sun-can paſs through the ſubſtance of a cryſtal Globe, And 

in the Air between the Sun and the Globe there is no fire. 

P. 58. When is it that we may- truly ſay of a man that he is dead; 
or (which is the ſame) hath expired his Soul? For it has been known 
that ſome men who have been taken for dead, being brought out the 
next day revived. | "Vis 

A. Tt is hard to determine the point of time in which the ſoul is ſepa- 
rated from the body, Proceed therefore to other Experiments. 

P- 59+ Si acus, &c. If a Needle excited by a Loadftone hang freely 
within the Receiver, it will nevertheleſs follow the motion of the Iron 
which is drawn about without the Receiver. So objeRs put within will 
be ſeen by thoſe that are without, and founds made within will be _ 
W1tnout ; 
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without : ali theſe as well after as before the exſudtion of the Air, except 
that the ſounds are ſomewhat more weakly heard after than before. 

B. Theſe are moſt maniteſt figns that the Receiver is alwayes full, and 
that the Air cannot thence be ſuck'd out. That the ſounds thence are 
more weak to ones hearing is a fign of the conliltence of the Air, for the 
confiſtence of the Air js diametrically oppoſite from its motion. 

P-61. Quia nibil exe, Becaule there was nothing there that the weight 
of the Atmoſphere ſhould do; no more {irong or evident Argument 
could be made againſt a Vacuum than this Experiment, For if of two 
coherent Marbles either of them ſhould be thruſt forward that way that 
their ſurfaces lye contiguous, they would ealily be ſever ;. the neigh- 
bouring Air ſucceſſively flowing into the deſerted place, But fo to pull 
them aſunder, that at one time they ſhould loſe their whole contact, is 
impoſſible, the world being full, For then either motion muſt be made 
from one term to another in an inſtant, or two bodies at the ſame time 
muſt be in the ſame place: to ſay either of which is abſurd. 

Pp. 62. Confitentur, &c. They themſclves and all others confeſs, that 
all Ponderation is an endeavour every way by right lines unto the Centre 
of the Earth; and ſo that it is made not by the figure of a Cylinder or 
Column, but by a Pyramide, whoſe top is the Centre of the Earth, and. 
whoſe Baſis is part of the ſurface of the Atmoſphere, 

Ibid. Conatus, &c, Therefore the endeavour of all the points that 
ponderate will be propagated to the ſurface of the upper Marble, before 
it can be propagated further ( ſuppoſe) to the Earth. 

Pp. 64. Has, &c. Theſe Scales he puts one upon another and draws 
out the Air, and then are they kept ſo comprelt and united by the gravity 
of the external Air, that fix ſirong men cannot pull them aſunder. But if 
at length by the uſe of utmoſt endeavour they are pluckt in ſunder, they 
make a noife equal to the report of a Muſquet 3 but as ſoon as ever by 
the Stop-cock open'd there is the leaſt entrance given to the Air, they 
are ſevered of their own accord, 

Pp. 65. Sed vis, &c. But can the Spring, which they ſay is in the Air, 
confer nothing to the holding up the Marble ? —- Nothing at all : For 
there is no endeavour of the Air to the Centre of the Earth, more than 
to any other point in the Univerſe, For ſeeing that heavy things tend: 
from the circumference of the Atmoſphere unto the Centre of the Earth,, 
and, thence again to the circumference of the Atmoſphere by the 
ſame refie&ed lines, the endeavour upwards will be equal to the endea- 
vour downwards, and fo defixoying one another they will endeavour: 
neither way. | 

| Pp. 66. 
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P. 66. Non poteſt ergo pars BC, &c. Therefore the' part B” (that is 
a part of the Atmoſphere placed -any where within the whole) cannot 
(by reaſon of its greatneſs) deſcend, although it be heavy, and there- 
fore it cannot preſs or gravitate, | , | 

- Ibid. $z poſſibile, &-c. If I ſhould deny it poſſible, that by the art of 
man two furftaces of two bodies could be made fo accurately fit that they 
ſhould touch in all points, ſo that there could no creable Corpuſcle paſs 
between them 3 Ido not ſec how they could defend their own Hypotheſis, 
or diſprove our Negative aſſertion. | | 

Ibid. Utraque, ec. Both theſe Fancics, as well that of the Weight as 
of the Spring or Antitupy of the Air, are Dreams. But if jt be granted 
that there is a kind of Recoyling in thoſe {mall hairs or ſlender Corpuſ- 
cles of which the Air conſiſts; one may enquire whence it is that thoſe 
crooked bodies, ſettled and at quiet in that poſture, came to be moved 
into a fireightneſs. They ought, if they will be eſteemed Natural Phy- 
loſophers, to allign ſome poſſible cauſe of this. 

-p. 67. Cur non, cc. Why cannot the water, which when it was in- 
jected did compreſs the particles of Air, be again caſt out by the fame 
particles explicating themſelves ? p 

A. Becauſe when explicated they require no greater place than when 
compreſt: As in a veſſel full of water, wherein are many Eeles, the ſame 
proportion of place receives them, whether they are folded round or at 
length. Therefore they cannot drive up the water by their Spring, 
which is nothing elſe but the motion of bodies explicating themſelves. 

B. The compariſon of Air to Ecles in water I ſuppoſe will be well 
received by our Academians. i Fr In HS alt: 

Pp. 68. Vides, &c. You fee how fooliſh a thing it»is-to bring for the 
explication of ſuch effe&ts Metaphorical,words, as the ſpunning of a 
Vacuum, the abborrence of Nature, &-c. which heretofore the Schools uſed 
to defend their reputation. 

Ibid. In the Gardeners Watering-pots therefore is the water ſuſpended, 
becauſe that which ifſues out at ſo ſmall a hole is fo little, that-it cannot 
diffuſe it ſelf to ſuch a length, that by its deſcent it may give paſſage to 
the Air through the circumferences of the holes. Nor can the Airdrivcn 
off by the water going out find any other place beſides that which the 
water leaves. 

P- 69. Bui per, cc. He that ſucks water into his mouth by a Pipe, 
firſt ſucks up the Air between, whereby he removes the diſtended 
external Air, which being removed (the world being full) ic can have 
no place but by removing the next, and ſo by continual pulfion the 
Watcr 
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water is at length driven into the Pipe, and doth fucceed the Air which 
is ſuckt out. - | 

p: 72» 1d vero, &-c. But that is impoſſible : For in a Siphon, unleſs 
both legs are filled with water, the water will not aſcend out of the 
Baſon. The cauſe of its aſcent into that cloth is the motion of the earthy 
Atoms which are near the water, I ſay the timple circular motion com- 
municated to the Air in which they move, which Atoms firiking' the 
water beat it up into the woolly matter, which beating of them againſt 
the cloth makes it more and' more moitt, till it becomes all over"wet, 
And when it is fo, &c. 

P. 73. A. Fateris, &c. You confeſs then that your Collegiates have 
as yet in nothing advanced the knowledge of natural cauſes, but that one” 
of them hath found out an Engine, in which there may be ſuch a motion 
of the Air excited, that the parts of the Sphere may together every way 
tend unto the Centre, and that the Hypotheſes of Mr. Hobbs, before pro- 
bable.enough, may be thence made more probable. 

B. Right 3 I am not aſhamed to confeſs it 3. for.it is ſomewhat to arrive 
ſo far, if we can make no further progreſs; 

A. Why ſo far? To what end ſuch preparation and charge for 
Engines difficult to be made, to make no further diſcovery than Mr. Hobbs 
had made before you ? Why did younot rather begin where he ended?* 
Why did you not uſe the Principles he had laid 3 and when Ariftotle had 
rightly ſaid, That without the knowledge of Motion there is no knowledge 
of Nature, how durſt you take ſuch a task upon your felves? | 

Ibid, Eft, &-c. Thus to have made an entrance though we miſs 

| Of further progreſs, ſome performance ir. 

P. 75- But moſt of us dittinguiſh the nature of fluid from that which 
is not fluid, by the greatneſs of the parts of which any body conſiſts and 
is made up with. Wherefore we do not onely look upon Air, Water, 
and all Liquors, but upon Aſhes alfo and Duft, as fluid bodfes. And 
we deny not that fluid things may be made of things not fluid 3 for we do 
not digeſt the Notion-of infinite.Divitibility. - i 7 | 

A. Infinite Divitton cannot be.conceived; but (infinite) Diviſibility 
may ealily. I on the contrary do not underſtand the diſtinct ion of Fluids 
and not Fluids, which you take from the greatneſs of the parts : could I 
digeſt this, I muſt ſay, the ruines of. ſhattered rubbiſh ſtones that lye in 
Paxls were fluid, | But if thoſe ruines;cannot be called fluid becauſe the 
ſtones are too. big, defineme the bignels that the patts of a ruin'd wall 
muſt have that they.my be called fluid, But you that cannot under- 
ſtand infinite Divilibility, tell me what you think to be the cauſe why -I 

© ſhould 
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ſhould think it more hard for Almighty God to create a fluid body leſs 
than any Atom propoſed, that its parts might aGually flow, than to 
create the Ocean, Therefore you make me defpair of any fruit of your 
meeting, by ſaying, that they think Air, Water, and other fluids confift 
of Non-fluids; as if a wall that began to fall and be ruinous were called 
by them a fluid body. If they may ſpeak fo, every thing is fluid, for 
even Marble it ſelf may be broken into parts leſs than any Atom imagin'd 
by Epiczrus. 

P. 79. Ruins, &c. The ruines that lyc in Pauls Church might be 
called fluid. 

' Thid. $i fie,&'c. If they may fo ſpeak, there is nothing but is Auid, for 
even Marble may be beaten into parts leſs than any Epicureax Atom, 

Pp. 80. Diviſio, &c, Diviſion that is infinite cannot be conceived, 
Diviſibility may caſily. | | 

p. $1, $2. Duis corpuſcula, &c, But the Corpuſcles (ſuch as are the 
Atoms ſuppoſed by Lucretius and allo by Mr. Hobbs) being hard before 
might be calily compacted by any of the mention'd cauſes, ſo that it is 
not to be doubted but that the whole to be made of thoſe Corpuſcles 
will be hard. 

Ibid. $4 dure, &c. If hard bodies are made out of parts originally 
hard, why are not fluid bodies made of parts originally fluid ? Could 
great fluids, as the ther, be created; and could not ſmall ones? He 
that firſt made a body hard or fluid, could if he would have made it 


greater or leſs than any other propoſed body. Now if a fluid body be 


made of parts not fluid, (as you ſpeak) and hard bodies onely from 
hard parts; doth it not follow that nothing neither fluid nor hard is 
made of original fluids ? _ 

Pp. 84. B, Quenam, &e. What are the principles of Fluidity and 
Firmneſs. | | 

A. Of Fluidity nothing but Reſt, of Firmneſs Motion, ſuch as is fic 
to produce that efet. By Reft I underſtand the reſt of two parts one 
with another, when they each touch, but neither preſs one anothes. For 
entire bodies of Muids may be in motion theix fluidity abiding, and hard 
bodies be at reſt although their parts be in motion. 

P. 85. 4g; binc, Ee. And hence it is manifeſt that thexe is a great 
compreſſion in the Air ſo moved and fhut up, namely,” fo great as that 
forge by which it was driven in-was able to make and alfo that fromfo 


great compreſſion ſome degree of conſiftence muſt be made, though lcfs 


than that of the conſiftence of water, Now if fn all the ſame Particles 


of Air, befides the motion by which one preſſes another, there was _ 
, ene 
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the fimple circular motion and that vehement enough, it would be al- 
moſt impoſſible any one of them ſhould be moved from its little circle 3 
but that the other Particles reſiſting, the whole would be preffed together, 
that is, become hard: For that is hard of which no part gives place but 
upon the motion of the whole, You ſee therefore that hardneſs may be 
made in a moſt fluid body by this fimple circular motion of Particles, 
which was before imparted to them by two contrary motions. 

| Þ- 86. Atgz talis, &c. And ſuch indeed may be the cauſe of the Durum 
primum, or firſt hard body. But of the ſecond, that js, of the cohelion 
of two of theſe firft hard bodies, the cauſe may be the very ſame ſtmple 
circular motion, conjoyned with their ſuperficial conta&, or perhaps 
their being one with another intricated. 

Ibid, Sz ſwpponamur, Ec. If we ſuppoſe with them that the cauſe of 
hardneſs is the greatneſs or thickneſs of the parts, what reaſon can we 
give why congealed water ſhould be harder or firmer than the ſame water 
is before ſuch congelation ? | 

P. 87. V+ fit, Eo. That it be conceivable, that is, not abſurd 3 and that 
from its being granted the neceflity of the Phenomenon may be inferr'd. 

P. 88. But, &e. They which putting bodies to bodies ſhew the new 
_ and admirable works of Nature do wonderfally inflame the minds of men 
with the love of Philoſophy, and do not a little inſtigate them unto the 
fearch of Cauſes, and on that account are worthy of commendation. 

Fruez for they enrich Natural Hiftory, without which Natural Scicace- 
is in vain ſought for. 
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A Summary of the Contents of the 
| ſeveral Chapters. 


| CHAP. I. 
He occaſion aud ſcope of the preſent Treatiſe, Reaſons why Mr.Hobbs 
might have employed bimſelf otherwiſe, and bave ſpared this Diſ- 
courſe, p.2. Why the Author would have been contented he had done ſo,ibid. 
IFhy he now undertakes the Reply, p.3. | 
CHAP. II. 

Of ſome miſtakes of Mr. Hobbs touching matters of Fa and the Authors 
Dodrine. That he miſtakes in aſcribing the Explications and Experiments 
in the Phyſico- Mechanical Treatiſe of the Society at Greſham College,p.3. 
the Experiments having been ſeen done long, and the book, publiſhed, 
before the Society began, &#c. p.q. That the Experiments were not deviſed 
nor employed to prove a Vacuum, Ibid, Whether Mr. Hobbs by the Experi- 
ment of the Gardeners Watering-pot demonſtrates that there can be no 
Vacuum, p.5. That if the Watering- pot were tall enough, the water would 
run out with unſtopping the upper Orifice, provid by M. Paſchal's Experi- 
ment, p.6. The way of Argument on both ſid:s compared, p,7,8, Why the 
Autbor did not aſſign the eauſe of Springs, p.9. That Mr.Hobbs bis account 
of Springs is imperfeci, and that he has not ſolved the Phznomena of them, 
P. 10, I1, 12, 13» That he miſtock, the Authors notion of the Air, 


I4. I5, 
4; lee CHAP. III. 

I) hevein the Weight and Spring of the Air are aſſerted againſt Mr. 
Hobbs, Several Experiments recited that prove the real Weight of the 
Air, p. 16,17. My. Hobbs's Objefions againſt ehe Experiment of the 
heavineſs of a blown Bladder, p.17,18. anſwered, p.1g. The Spring of 
the Air aſſerted from Mr, Hobbs's conceſſions, p.20,21, The ſame aſſerted 
by particular Experiments, p,22,23. Mr. Hobbs bis anſwer 10 that of the 
Bladder conſidered, p.23,24. Experiments of the Spring of the Air not 


PP p45: CHAP. 1V 


WWherein Mr, Hobbs his principal Explications of the Authors Pheno- 
mena are examined. What things Mr, Hobbs takes for granted, p.26. 
His Hypotheſis conſidered of the ſimple circular motion, whether it be not 
precarionſly aſcribed to aqueous and earthy Particles, p.27,28. Whether in 

the 
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the exhauſtion of the Cylinder any Vacuum be- produted, p, 29,930, 31. 
Experiments to prove that the Glaſs is in great part devoid of common Air, 
Pp. 31,32. Whether a purer ſort of Air may unperceived dive under water 
to paſs into the Receiver betwixt the Cylinder. and the Sucker, p. 33,34. 
That the Cartefian way. of explicating this Phxnomenon in favonr of the 
Pleniſts is more plauſible than Mr, Hobbs's, p.35. rmhether the place de- 
ſerted by the ſuſpended Mercury in the Torricellian Experiment be empty 
or full of Air, p.37,38. Mr. Hobbs's Explication of that Experiment of 
Mr. Boyle, in which the Air impells up the Sucker together with above 
100. pound weight, p. 39,40, The Examination of this Explication, 


P- 41, 42. 
CHAP. V. 

Tx which divers ſcatter'd Explications and other paſſages in Mr. Hobbs's 
Dialogue are examined: His Explications why water without viſible force 
aſcends in a ſlender Pipe conſidered, p, 44,45. why the (topple of the Cover 
of the exhauſted Receiver ſo much gravitates, conſidered, p. 46, His 
Explication and the Authors, why in the exhauſting of the Receiver water 
let down into it boyles as it were or bubbles there, viewed and compared, p, 
47, 48 hether the Phxnomenon ef this water bubbling inthe Receiver be 
an evidence that there is no vacuity in the Receiver, p.q9, 50. whether 
Animals in the exbauſted Receiver dye for want of Air, or for the cauſes 
aſſigned by Mr. Hobbs, p.51,52. That the Author aſſerts #ot the proof of 
a Vacuum or Plenum to depend on the Hypotheſis of the Spring of the Air, 
P- 53. That the Air in the exhauſted Receiver is not thicker but thinner, 
0t heavier but lighter, proved by Experiments, p.54.55. The Epicurean 
Hypotheſis of fire, aud the effefis of the Sun-beams through Burning- 
glaſſer, p.57. whether he deſerves a cenſure that calls kindled coals fire, 


P. 58. 
CHAP. VI. : 

rherein other paſſages of Mr. Hobbs's Dialogue that concern the Author 
are examined, That the Experiments of the Needle*s motion in the exhauſted 
Receiver, and of ſounds being andible, and objeAs viſible there, are recon- 
cilable to the dofirine of the Atomiſts, p.59. whether from the coheſion of two 
Marbles the noxz exiſtence of a Vacuum follows, p.60,61, How the lower 
Marble is upheld, p.62,63. The power of the oblique preſſure of the 
Air to theſe effefis illuſtrated by Experiments, p.64, "whether the throwing 
up of water in the Glaſs fountains, invented by Vincenzo Vincenti of 
Urbin, can be explicated by the Spring of the Air, p.67,68, Mr Hobbs's 
. Explication of the cauſe of waters being ſuſpended in a Gardeners Watering- 
pot examin'd, p,6g. An Experiment purpoſely deviſed to ſhew that both 
0'3 | Vacuiſts 
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Vacuifis aud Plenifis ſhould admit an Elaſtical power in the Air, p.qo,7t, 
Mr, Hobbs's correftion of the Authors diſcourſe about the aſcenſion of water 
in Siphons and Filtres animadverted, p.72. Some unbandſom paſſages, 
and ſuch as ſhew the unequal eſtimation Mr, Hobbs has of his own and 
others preformances in Philoſopby, p.73,74. What parts of Mr, Hobbs's 
Treatiſe, and why, paſt by without cenſure by the Author, p.7 5. 


CHAP. VIL 


( Being an Appendix to the paſt Diſcourſe) 

Wherein is examined what Mr. Hobbs teaches concerning F luidity and 
Firmneſs, Mr. Hobbs miſtakes, and ſo miſreports, the Authors Dofirine 
of the cauſe of Fluidity, p.77. His Animadverſions on the Dofdrine 
conſidered, p.78,79. Whether fluid bodies are made from parts originally 
fluid, or from ſmall Solids mm motion, &c. p.79,80,8t. Mr. Hobbs's 
Theory of Fluidity and Firmneſs examined, p.$81,82, &c, What influence 
therein his fimple circular motion may have,conſidered,p.$2,83. That there 
is third requiſite of a good Hypotheſis, viz, That is be not inconfitent with 
#ny Truth or Phzxnomenon of Natwre, p.84., That Mr Hobbs his Hypo- 
theſis wants this requiſite, proved by references, p.85. By inſtances out of 
ordinary,. not elaborate, Experiments, p. 86, The Concluſion to dhe 
Reader, p.88, 


A 
CATALOGUE 


Of all the 


PHILOSOPHICAL WORKS 
Publiſhed by our AUTHOR. 


'N E W Phyſico-mechanical Experiments concerning the Weight 
and Spring of the Air 3 publiſhed In Engliſh, Anno Dom. 1660, 
* A Continuation of them, Part I. 1669. 
_ The Defence of the New Experiments, &s, againſt Franciſcus 
inns. | 
The Examen of the Phyfical Dialogues of Thomas Hobbs, concerning 
the Air. Theſe two were publiſhed, A.D. 1661. . 
* The Sceptical Chymiſt. 1661, 
* Phyfiological Effays, together with the Hiſtory of Fluidity and 
Firmneſs,. and ſome other TraQs, Printed 1662. 
* The Experimental Hiſtory of Colours begun, A. 1663. 
Concerning the uſefulneſs of Experimental Philoſophy 3 the firſt 
Tome: A. 1664. | 
The ſecond Tome was Printed, 1669. 
* A Tra& concerning the Origin of Forms and Qualities, 1666. 
Though this Trai was turned into Latine divers years before the 
Genevian Cotle&ion war publiſhed, yet was omitted therein whence 
it appears, that the Publiſher was not very cautions, who affirms i 
bis Preface, That all Mr. Boyle's Works are contained in that 
Volume, 


The Experimental Hiftory of Cold begun, to which is ſubjoined a 
Difſertation concerning Antiperiſtafis, together with an Examen of Mr. 
Hobbs's DoGtrine about Cold z 1665. 

* Hydroſtatical Paradoxes 3 1666, 


IJ The 


A Chnlogu of the Author's Books. 


* The Origin of Forms and Qualities 3 the ſecond: Editionz to which 
is annexed a Diſſertation concerning Subordinate Forms 3 1671. 

** Tracts concerning the Coſmical Qualities of things; Coſmical 
Suſpicions 3 . the Temper. of the Marine Regionsz the Temper of the 
Subterranean-Regions, and of the Bottom of the Sez ;. 167 1. 

* An Eſſay concerning the Origin and Vertues of Gems | , 

A Tratt containing New Experiments between Flame and Air 3 
together with an Hydroſtatical Diſſertation 3 1672. ' 

* Some Effays concerning the wonderfull Subtilty and Efficacy of 
EMuviums; and their determinate Nature 1673. 

Some Tracts confifting of Obſervations concerning the Saltneſs of 
the Seaz with a Sceptica] Dialogue concerning the Nature of Cold both 
politive and privative ; "EOF *. 

Tracts containing ſome Suſpicions concerning ſome Occult Qualities 
of the Air with an Appendix touching Celetitial Magnets, &c, 1674. 

An IntroduGon to-the _— of particular Qualities | in the Phylo- 
{ophical TranſaQtions N. 63. p. 2 

* Of the Excellency of the Mechanical Hypotheſis 3 N, 103. p.53. 

Experiments and Obſervations concerning the Mechanical Production 
and Origin of ſeveral particular Qualiticsz together with ſome Reflexi- 
ons upon.-the Hypothelis of Acid and Alcaly 1675. 

The Sceptical Chymiſt, or Chymico-phylical Doubts and Paradoxes. 
abou: thoſe Experiments, whereby vulgar Spagyriſts do labour to evince, 
that Sa}; Sulphur and Mercury are the genuine Principles of things; to 
- which, viz. in this 24, Edition, ſundry Experiments and Conſiderations 
are ſubjoined concerning the: Producibleneſs of Chymical Principles 3 
1680, 

* A Continuation of new Phyſico-mechanical Experiments 3 #he ſecond 
Part; 1680. 

The Acrial NoGilaca, or ſome New- Phenomena: and @ Proceſs of a 
F aQitious ſelf-ſhining Subſtance 3 1680. ..' - 

| New Experiments and Obſervations. made upon the ley NoGiluca, 

to which is annexed-a Chymical Paradox 3 168+. 


Theſe are the Philsſophical works of our Author bithert publified; what 
he bath wrote in Divinity belongs not properly to this place, not 19 
mention ſeveral Diſſertations of his which you may find here and there 

interſperſed among the Philoſopbical Tongue publiſhed i in Print. 


